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Previous’ to: the developing of ‘the ich 
will’ déseribed’ in ‘detail later, there wete two’ general 
methods’ of mattufacture in use. In the sweep method, a 

foundation | ‘plate is first'‘cast: and’ levelled: in position, and 
spindle’ set and secured. layer of” bricks’ on 
“plate” is Covered’ with! loam and the seating swept 

lines of! the blades, to ‘proper 
‘of theblades with’ respect to the hitb, are'then laid 

Off on ‘the! seating and the hub’ built up and shaped to form 
by means of a sweep attached to the spindle. The next ‘step 
is the: ‘sweeping ‘of the blades. The guide boards are placed 

- and the piers built up of brick’and loam mixed’ with’ a porous 
‘material; this’ being covered: with loam, the driving face of 
the’ blade is swept up. The centerline of the’ blade is’ then 

established from the seating and guide’ ‘board, and the blade 
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shape marked off. Next the blade thicknesses at the several 
radii are established by wooden thickness pieces, these being 
secured to the driving surface. . Parting sand is then placed 
over the swept-up surface and the space between the thickness. 


- pieces filled in with damp moulding sand, the top surface being 
made fair with the tops of the pieces to give a copy of the blade 


back. 
' ‘The cope, or top half of the mould, consisting of a number of 
flat plates made to correspond with the back surface of the 


_. blade is clay washed to make the loam adhere to it, placed 


on the seating prepared and secured to the foundation plate, 


_ a thin layer of loam being laid over the image of the blade. 


The cope being completed and square marks made to insure 
its going back to its exact position, it is rolled and the sand 
pattern and thickness pieces removed. The surfaces being pre- 
pared, the mould is allowed to dry, after which the cope and 
drag are assembled, cores placed, etc., and the metal run. _ 

The mould is then broken, after which the chipping ‘of the 
blade backs, machining, ayaa and balancing operations are 
undertaken. 

In the pattern method the process is carried out.in two ways. 
In the first, the pattern, of wood, for one, individual ‘blade 
with the hub or a portion of the hub is mounted on a spindle 
and the individual blade mould. formed, the pattern, will then 
be rotated on the. spindle to the position for. the next blade, 
etc, In the second,.a solid pattern is made and the mould — 
made up from this. The solid pattern is made generally of _ 


wood, .but where) quantity. production is required, as. in. the 


case of our during the war, were 
used, . 
The § being: the oldest ac- 
cepted, has been and is. still used for wheels.of all sizes... The - 
use of the pattern method is more restricted being generally | 

confined, in the service, to wheels, below 12 feet in diameter. 
Propeller blades, are made of cast-iron; cast-steel, forged 
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steel, manganese or some other strong bronze, and monel metal. 
In solid propellers the hub is, of necessity, of the same’ material 
as the: blades ;‘but in the'case of built-up wheels; while generally 
the same material is used for both blades and: hub)‘ ‘for the 
poorer classes of work, when cast-iron or’ cast-steel blades’ are 
used, semi-steel is employed’ for the hub, In the ‘service, 
manganese | bronze: a of 6, ‘is 
specified. 

In order that a as it is 
necessary that, in the finished wheel, the’ following ‘conditions 
exist: The diameter mustbe true to pattern; the radius of 
any one blade must not vary by any ‘appreciable amount from 
the radii of constituent blades; the pitch of each blade’must be 
accurate and parallel with each corresponding blade, that’ is to 
say, any: given point’on one blade must ‘be on the same*plane 
with the relative point on each of the other blades; the blade 
areas must be identical and true to designed ‘form, this entail- 
ing like widths at equal radii; there«must ‘exist a uniform dis- 
tribution of homogenous metal: both for the purpose of:strength 
andvof ibalance, this :requiring: like! thicknesses of ‘bladés’ at 
radii; the ‘blade. and ‘hub “must” be 

From the above it is readily’ seen that a per- 
fect | propeller wheel! is by’ no means” anveasy’ task.’ 
ing ithe: wheel: designed, ‘the ‘various processes in the” old 
methods require skilled pattern work, moulding, metal mixing 
_and, running, assembling and extensive and accurate’ machin- 
ing.) Collectively,:and if truly executed, these operatiotis: pro- 
duce:the ‘finished product’ true’to design, If; however) there 
bea failure to»execute’ any’ single operation properly or there 

slip in: the ‘co-ordinating ‘of the. ‘several’ operations, and 
there: are plenty of openings for' stich a‘slip, the finished’ wheel 
is imperfect,» Whether or: not ‘wheel! becomes a total’ loss 
depends not wholly! upon the magnitude; ’ but rather: upon’ the 
character of the error or errors, as the case may be, The 
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history of propeller casting, as in all other like processes, is 
the story of how man has tried to simplify the process. and 
eliminate the chances for personal error. The more mechanical 
and simpler the method, the less chance for error: and the 
nearer perfect the finished product. Las PIO 
_ However, rational as this last statement is,’ it: appears that 
up until the late war, very few radical steps were taken along 
this line and propeller casting instead of being put on a scientific 
basis, with possible standardization in view, remained a series 
of operations for turning out the finished product, the: grade 
of the finished product and the time for completing depending 
almost entirely on. individual of the 
employed, 

During the war necessity iain to be developetl many new 
- processes for the manufacturing of material necessary to its 
successful prosecution. Owing to the intensity and tempo- 
rary success with which the. belligerent submarine campaign 
was being prosecuted it became necessary to devote no een 
part of our effort to shipbuilding, | 
_. Previous to 1914, our shighiiidine being of no great eid 
tude, this extra demand for ship material, coming on top of 
that already created by the Allies, taxed the capacities of our 
manufacturers to such an extent that many old and estab- 
lished firms who had, been doing kiridred work, extended the 
scope of their activities the re- 
quired. 
_ Among these was of Geo, H. Thacher sei: 
pany, now known as the Thacher Propellerand: Foundry Cor- 
poration of Albany, New York. This firm, which for many 
years had been engaged in the manufacture of marine and 
other gray-iron castings, undertook to specialize in the manu- 
facture of propellers and attacked the problem froma ‘foundry 
point of view along rational but heretofore ee —_ 
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The Thacher method of casting consists in employing a 
separate and: identical mould for each blade and locking the 
moulds together in accurately radial and properly spaced posi- 
tions around their common center, the positioning of the blade. 
moulds being obtained by means ‘of ‘a bed plate having a true 
machined surface and accurately positioned holes or bearings 
interlocking with similar surfaces and holes or ie car- 
ried by the separate moulds. — 

In order that the impressions of the thiidies*id the: moulds 
may be identical in shape and location the moulds are prefer- 
ably, but not necessarily, formed in separate flasks from the 
same pattern or box, the flasks and the pattern box being all 
divided with each half of the pattern box designed to interlock 
with one-half of the flask. The flasks im turn interlock’with 
the holes or projections of the base plate; so that if the base 
plate is accurately made and finished, the propeller will neces- 
sarily be symmetrical, provided the method hasbeen properly 
followed.’ ‘The flasks containing the blade moulds are’ set up 
on the bed:plate around a bottom core: attached to the center 
of the plate and fixed in position by means of bolts in the 
registering holes which determirie their’ (‘the flasks )' positioning. 
The meeting edges of the several moulds are:then sealed with 
“slurry” to avoid fins on the finished ‘casting and the mould 
- closed with suitable ceriter cores for forming’ hub. 
assembled mould is then ready for the metal. | 

As it ‘is believed that a much’ clearer’ of the 
manner of using the apparatus and of’ the processes ‘involved 
will be had if the reader is familiar with the individual parts 
employed, these: their uses’ and. will be 

itd PLATE.» sibswto 

bed, ‘ase or ‘(see Figures 4 for 
small wheels is a sound iron casting, the top surface of which 
is machined to a true plane. For larger sized wheels, it is 
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made in two or thtee parts. This plate, as «it must always 
remain true and not be subject to distortion, is either quite 
thick or, when it is desirable to reduce weight, it may be con- 
structed of closely’ spaced bars, sufficiently deep to insure 
rigidity and having the upper face machined off to a true sur- 
face.. The base plate is always of greater. diameter than the 
wheel to be cast; however; this does. not necessarily mean that 
for each size wheel a distinctive plate is necessary, as actually 
but two or three different sized plates are used, these taking all 
propellers from those required for small boats up to and in- 
cluding wheels twenty feet! in diameter. While this latter 
figure represents the maximum size that may ordinarily be 
expected, there is nothing to prevent the use of av adh site 
for wheels having a greater diameter. 

The assembly plate having been machined ai its: tnéness 
verified, a hole (see Figure 4). is drilled in the exact center; 
this hole is. for the purpose of properly locating the jig used 
when. drilling the holes for the flask assembly. These holes 
are, those in the assembly plate itself, the nowel pattern plate, 
cope-container, nowels and copes; these latter parts will -be de- 
scribed later, Around this central hole is provided.a circular 
recess (see Figure 4)\/having a depth equal to one-half the 
thickness of the assembly’ plate, for the purpose of receiving 
a boss formed at the center of the under side of the centering 
plate. By means of the jig mentioned above, at equidistant 
points around the circumference: of the’ base plate, there’ are 
located. a series.of holes (see “ a-a,;” Figure 6) extending out 
radially from the center. Fora three-bladed wheel there must 
be three sets of these: radial lines of holes, each set ‘of: radial 
lines of holes being exactly 120 degrees from each of the: other 
sets; in the case of a four-bladed propeller, there must be four 
of these sets of radial lines of holes, each of these radial lines 
of holes 90 from: each of the other, three 
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The: number: of holes ‘in: each’ set is six'and their distance 
apart: depends: on the: size ‘of the flask used: ‘The ‘location’ of 
the six holes is:as follows: The: center hole on the ‘assembly 
plate is. considéred:the hub locating hole for each set, the second 
hole is located atva radius greater than the radius of wheel 
cast.in order to fix the outer edge of the flask (consequently 
wheel diameter and blade angle), and the remaining four holes 
are divided two for each side of the flask to assure perfect; 
immovable:and constant alignment of each set. From this it 
will seen that the sets of radial of in bee 
sembly plate serve several purposes :* 

They insure that each is, bladeswill 
suns located with respect to each other blade at the ‘pre- 
determined! angle; 120 degrees in the case of a three-bladed 
wheel and 90 degrees in the case of a four-bladed 
| (b) They»insure that each flask, providing ‘the flasks are 
similar, which they are, will be located at exactly the same 
radial distance from the center of the assembly ‘plate: that’ is, 
provided the bladesin the flasks are alike, a series of points 
on the tip of any one blade will be at ‘exactly the same distance | 

on 
of the other constituent blades. bs HO! 

on(e) ‘They. insure that: any’ number of’ and. 
niay ibe consecutively placed’ in the same position vie! will be 
shown later that impossible to: do otherwise). 

In forthe assembly plate for the time being 

allied: the: assembly plate’ is tee This, 
wlille the “part of the outfit™is in! reality, in 
spite! of and simple construction, the: foundation 
stone, as one might ‘say. A: mistake in ‘laying otit ‘this leads 
to dire: consequences, but once properly laid out the remaining 
steps in the process are simple as 'to'be classed as mechanical. 
The: templet, of' cast-iron’ — heavy to withstand ordi- | 
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nary handling, is built from the drawing and after being ma- 
chined to a true surface has drilled in it, as near to drawing 
dimensions as is humanly possible, the locating or positioning 
holes that are to be transferred to the assembly plate, A 
container, nowel pattern plate, nowels and copes. 

- To illustrate how it is employed and the necessity for accu- 
racy, its use in laying out the radial holes in the assembly plate 
will be described: The assembly plate, which it will be remem- 
bered is machined true, is leveled and the jig laid on it so that 
the pivot centering hole of the jig corresponds exactly with 
the centering hole of the assembly plate, a machined dowel 
being used for this purpose. The jig is now firmly secured to 
the assembly plate and each locating hole in it accurately trans- 
ferred to the assembly plate. This being completed, the jig is: 
unfastened and if the locating holes are being laid out on the 
assembly plate for. a three-bladed wheel, the jig is revolved 
around the dowel pin’ exactly 120 degrees and the process re- 
peated, The third set of locating holes is laid out in the same 
manner. Before drilling, in order to verify the angular dis- 
tance between the holes and insure it being 120 degrees in'each 
ease, the whole is trammed and if there i is no. erate 0 
locating holes are drilled. mL 

It appears. that it would not tee amiss ‘lita ‘before going 
ahead, with the description of the various other parts, to briefly 
set forth the transfer principle involved in the process. ‘With 
the assembly plate drilled as just described, take three identical 
jigs, assume ‘each a mould of a propeller blade with a section 
of the hub; to properly locate each of these on the assembly 
plate so. that they. together will form a, completed propeller 
mould: simply requires that each be placed.on. the assembly 
plate, so, that,a dowel can be placed through each-of the holes 
in, the jigs and. the corresponding holes in; the assembly plate. 
If, the dowels don’t, go through both holes, -we) know the: indi- 
vidual moulds are not in their, proper positions ;: but! once the 
dowels,.do. go through the matter, is-isettled. Moreover, 
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the individual ‘jigs ‘being alike; there’ is no reason why 
numbers one and two cannot be lifted and interchanged. Once 
the locating: holes: are laid out properly, the proper locating of 
the individual blade and hub section moulds of a8 


“THE PATTERNS, 


Referring to Figure 1, “ A’. and “ A-1” are two 
machined plates drilled to jig, the same as is the assembly 
plate, so that the holes “ H-H” exactly correspond when “ A” 
and “ A-1” are superimposed on each each other, and likewise 
holes “ H-H” will exactly correspond with the locating holes 
in the assembly plate if plates “A” and “ A-1” should be 
placed thereon, all having been drilled from the same jig. 
“R” and “ B-1” are two of the three sections of the pattern, 
being known respectively as the npwel pattern block and the 
cope pattern block. These are pitch surfaces ‘mechanically 
made of hardwood, care being taken that the material used is 
such as will prevent shrinkage due to laying around, or defor- 
mation due to ramming up... Each of these patterns is, built up 
ot a plate such ; as “ A” and the pitch plane developed as shown 

Meg B. 4 In, the case of “B-1,” the pitch plane is first estab- 
lished, as ‘in the case of “ B, * and then the thickness of the 
blade is built up, this forming the third section of the pattern. 
It will be thus seen that if before the blade is developed, and 
the hub portion of the’ patterns’ be’ disregarded, the plates “A” 
and ,“,A-1’’, be brought’ into contact, B” and: “ Bel” will) 
form, a, solid ‘black with the pitch surfaces: in. perfect contact: 
Please note this carefully, The thickness of the propeller blade, 
which is |really the pattern proper, being as the 
third section) of the,patterns, is marked ibe 
either,.an integral: part or, be made separately and 
firmly, secured thereon. fit dolls Tha 
leading. The machined plate upon which “ B-1” is ibuiltoup 
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is not shown, being underneath and forming the bottom plate 
of what is known as the cope-container, the plate or rather 
the flange “A-1” being,parallel to the bottom plate: For the 
see Figure 7. 

The of pattern or pitch on 
“A” and “ A-1” is fixed by jig. 


THE COPE-CONTAINER. 


_ This is shown in Figure Y, and while the term cope-container 
is generally used, it is believed that cope-pattern-block-container 
better describes it. The bottom plate, which the cope pattern 
block is built upon as noted previously, having been drilled to 
jig to locate the cope pattern block, is also drilled for attaching 
the sides of the container, bolts being used for this purpose 
after the flanges of the sides have been machined true. After 
the top flanges of the sides are true to ‘the bottom flanges— 
that is, true to the bottom plate—locating holes are drilled in 
the top flanges (see “ H- H” from the jig) for positioning the 
copes. The trunnions at the sides are for rolling. The blade 
form i is here shown very clearly. The volume of the container 
is equal to the volume of the nowel pattern block plus. the 
volume of the cope pattern block, without the blade pattern, _ ” 

Note: This container does not form any part of the as- 
sembled mould. 


2 shows a nowel mould; and a cope 
“A-1,” as made from patterns and’ ‘'B-1,” respectively 
(see Figure 1).° These two flasks accurately ; 
““E” and “ E-1” in the nowel being parallel machined sutfaces 
drilled to the same templet as are’the holes “ H-H” in plate 
“A,” Figure'1.> Surfaces E-2” and “'E+3" of the cope’ate 
also parallel machined surfaces with holes’ H-H” drilled ‘to 
the:same ‘templet as are the holes’ in plate: ie Aa” (see 
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The nowel and the cope shown in Figure 2 are for small 
blades, For larger blades the construction differs somewhat ; 
see Figure 9, which shows three nowels ; note the sand. carrying 
bars assembled on the base plate, center arbor and two copes, 
As can be seen these nowels, are open ‘at the top to set over 
the pattern block, with cross-bars for sand carrying. “and 
strength. The flanges, in order to prevent possible deforma- 
tion, are made exceedingly heavy. 


CENTER ARBOR, CAP AND CENTER PLATE. 


To the left of the nowel, in Figure. 8, is shown the center 
arbor, arbor cap and plate, “ a,” “ b” and.“ ¢,” Tespec- 
tively. The center arbor is a hollow i ion casting which carries 
the center core. At each end isa turned. bearing, one center- 
ing in the arbor cap and the. other i in the.center plate; the latter, 
it will be recalled, being centéred in the assembly plate. 

A cast-iron ring, “ b,” with the center attached by, Sakis 
at the top, forms the arbor cap. . This is, ‘placed over the center 
arbor, “a,” and on to dowels for positioning on the assembled 
mould, It is made up with sand, sojas to, a bea of 
on the hub riser (S64, Hews 10)... 

The center plate, “c,” is a ‘small finished casteiron 
circular. plate. with a ais at the center.of the under. side for 
locating, it..on the assembly, plate, and a, countersunk hole for 
the position of the center arbor. The small 

own on:the upper face, facilitate attaching the core sand,. 

‘The center, arbor, arbor cap and center. plate. just 
are only used in the larger work; in smaller work, as illustrated 
in Figures 1.and 2, the apparatus used, is. shown. i in, Figure,'5. 
“F-1” represents a machined turned core carrying ‘plate,,com- 
plete. core, which, is centered in the, assembly. plate, The 
core, “ J,” sets in the core, “ F-1,” and also sets into and carries 
core, ‘Ky which i is the top center The 
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As the metal is wail to the blade tips, a pouring ring, 
which ‘eliminates the use of sumps, as shown in Figure 10, is 
fitted. This ring is a circular cast-iron trough which feeds 
the gates to each blade. Figure 10 shows the assembled mould 
for an eleven-foot wheel. 

Summing up, it will be seen that the apparatus, for a 1 three- 
bladed propeller wheel, consists of— 

(a) Three nowels,and three copes. 

(b) One nowel pattern block, mounted on a cided pat- 
tern plate, with its surface swept up to the desired pitch. 

(c) One cope pattern block, “constructed similarly to the 
nowel pattern block, 

“(d) One blade form constructed of wood and secured firmly 
to the face of the cope pattern Bock: | 

(e) One cope-container. 

One assembly plate. 
One center plate, core arbor and core cap. 

(h) One pouring ring. 

(i) Necessary securing bolts, buts and centering dowels. 

(7) Sand and other moulding 

One jig. 

The process is essentially. a die-casting one, the procediire 
followed being practically the reverse of that ordinarily em- 
ployed. ‘It is applicable to any size’ wheels and is “equally ap- 
plicable to the casting ‘of solid wheels or separate blades. 
Briefly, ‘it consists’ of the’ establishment of | ‘the designed pitch 
surface’ and a series of mechanical transfers of this surface; 
with the apparatus previously’ this’ is accomplished as 
follows?) 

Referring to Figure nowel ‘or ‘pattern block, 
“B,” is located centrafly on the platé “ ‘by ‘jig, and the 
pitch surface swept up, thus establishing the pitch’ plane. ‘The 
cope pitch block, “ B-1,” located’ by. jig on a plate 
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which’ forms the base of the cépe-container (see Figure 7), is 
built up‘on “ B” so that the pitch plane of “‘ B-1” is the same 
as that of “B.” The cope-container, Figure 7, is then built 
up around “B-1" with the'top flanges, A-1,” parallel to the 
plate on which “ B-1” rests. The height of the cope-container is 
such that, with the hub sections removed from “ B” and “ B-1” 
and “'B”: superimposed on B-1,” the pitch surfaces 
arid “‘ B-1” and’the surfaces “ A” and “A-1,” ‘holes “ H-H-H” 
being established from the same jig will make perfect contact 
throughout. Note that this is before the blade form is at- 
tached to B-1. ‘The nowel, drilled to the sare‘ template’ ‘as 
“A,” is now placed over “B’” and secured to “A” and 
rammed ‘up; a true plate is now secured to act as a follower 
plate, the nowel rolled and the pattern block, ‘B,” still at- 
tached to “A,” withdrawn. Thus the pitch plane, “B;”” has 
been transferred from “ A” to the bottom plate of the nowel, 
and as all nowels, for any one propeller, are of exactly the same 
height, -the centers of all constituent blades will lie in the 
horizontal plane.’ The nowel is then located on the assembly 
plate by placing body fit bolts through the’ holes’ in its’ bottom 
flanges and the holes in the assembly plate, ‘it being recalled 
that all’ these holes were drilled to the same templet. © The’ pitch 
surface has now’ been transferred’ to the assembly’ plate, and 
what’ is: more} all blades in the same’ ‘horizontal plane; at 
the same height above the base of hub, and at the Loe 
‘For assembled ‘nowels see Figure 4: 

To establish the back of the blade, the blade’pattern, “ 
of Figure (only one is necessary); is firmly secured to “ B+” 
and the cope, which is drilled to’the same temiplet as‘ A-1,” is 
secured’ by body fit bolts to“ A-1,” the'top flange’ ‘of the cope- 
container.” The sand°is rammed up and" the cope-container, 
with pitch block“ B-1” and’ pattern“ D,” withdrawn: The 
cope is now placed on top of the nowel’ and’ as the ‘holes in’its 
flanges are drilled to the same templet as are the holes in the 
flanges ‘of the: nowel, when the’ body’ fit’ bolts® are’ inserted 
and drawn up, it being remembered that the volume of “ B” 


| 
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plus “ B-1” is exactly equal to the volume of the: cope-container, 


the blade mould is kane 8 for cope 

purpose of setting forth the transfer: steps involved, it is con- 
sidered well to describe the process as it actually takes place 
in order that an idea of the ‘simplicity of the foundry ‘steps 
involved and the limited amionntt of time. ‘may’ obe 
_ After the assembly Pies 6, on. 
foundry plan, the nowel pattern plate “A,” of Figure 1, with 
the nowel pattern block, is set on a substantial floor and. the 
nowel “ A,’ of Figure 2, placed over it and securely bolted 
thereto. A suitable, strong, dry, sand facing is then riddled 
on the pattern block. A weaker dry sand mixture.is, then 
rammed in until the nowel is flush. A machine-finished fol- 
lower plate is now bolted to the nowel and the whole. rolled. 
The plate Figure 1, with pattern | block ‘‘ B,’’, is now un- 
thenready for baking. Alo fi 

On, moulding the cope: is, 
and nowel.are then baked for from 16.to £8 
in.an.ordinary..core oven, at, temperatures. varying ftom: 360 
degrees) to 420 Heaters, Hes are, for 
assembling, ts bre 

with the. nowel) and. entirely | independent therefrom. Each 
can: be made.up miles apart with. that they. 
will, fit together when. assembled, oti bits 
After. ‘baking, the, nowels, the assembly haying, been 
cleaned off, each, nowel. is. placed. on it;and bolted in position. 
The baked. copes are then, secured, to the nowels, by :means jof 
bolts: fitting through. the. positioning holes, ;which are drilled 
to jig. .The.center plate of, Figure) 8, is lowered. into 
an sien assembly plate, the center, arbor “ a’?! eritered:imto 
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the ‘center: ‘plate and the arbor’ cap set on 
_ joints are then closed and the pouring ring placed. 

The mould is poured through gates to’ each blade, ihe 
flowing through each blade mould to the ‘hub, rising here 
through ‘the ‘hub riser to insure is 
provided. 

‘To make up three copes a ‘dedicate 

wheel takes about six hours moulding time; the assembling on 
the assembly plate requiring around three hoarse. 
_ When the method of making the wheel is considered, ‘it will 
be seen that after taking it from the mould; removing the fins 
on the blades :and brushing up (grinding may be undertaken if 
a polish is required), the following conditions, as has: aun 
demonstrated in actual experience, will’ exist: 

The pitch of each and every blade will be seaciiges true to 


the pitch plane established, as the transfer throughout*has‘been 


mechanical; all blades are made from the same pattern'and, 
owing to the depth:and solidness' of the pitch no: 
mation of pitch face'is possible; 
The pitch: face being exactly: no’ of 
it is necessary, thus’ preserving the dense skin of the casting 
and avoiding the local'strains set ‘up by the use of tools.» The 


offiit. }o od binow 
Machining» of ‘the for fing purposes is’ necessary — 
that is all: the machining involved.” 6 


Provided there are no’ not 
be due to the methodof pouring and’ venting, the wheel will 
be in perfect enough balance to warrant, without any further — 
work on it, its use for the highest speed: work met with today ; 
as the blade angles are: mechanically set, each blade is an ‘exact 
reproduction: of each other blade, and'the radial distance ‘of 


like points on constituent blades is, established’ mechanically. 


Blade’ are’ as accurate as it is. 
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The wheel diameter will be true to design, within the small _ 


limits of inaccuracy that comes from casting thin-edged blades, 
due to.the establishing of the positions of the blade tips by jig. 
, Any given point on one blade will be in the same horizontal 
_ plane as the relative point on each of the: other constituent 
blades, that is, no one blade leads or lags behind any of the 


others, because the same pitch plane established at a fixed - 


height, is used for all constituent blades and the nowels are 
of the same height. . 


The transfer of the blade form bist mechanical; the blade 


areas will be exactly similar and true to design except for 


small differences due to omg that may occur 
along the fine edges. 


This process, in addition to of a 


propeller as nearly true to design as is considered possible, has 
other merits that are of the greatest import. 


First: It 'permits of..standardization. Sox, whebls 
integral and for commercial use the equipment is built in 


‘three standard series, 12, 16 and 20 feet in diameter. Each 
unit i$ designed for either three or four-bladed wheels, The 
same standards are maintained ‘for built-up wheels. 


The patterns are standardized in diameter to suit the equip- 
ment diameter capacity, and in pitch to.standard practice. That = 


is, the patterns for the 16-foot equipment would be of suffi- 
cient length to fit the container and hetice could be used on any 
diameter from 12 to 16 feet.’ For ordinary commercial work 
the pitches onthe pattern blocks can be standardized for 6-inch 
pitch variation without introducing excessive modification of 


the blade form. In the case of high speed work, as in de- 


stroyers; this pitch variation could be: reduced to three inches, 


in which case the necessary modification of blade form would 
not be prohibitive. Our present of 


makes stich standardization possible. :: 


Second: It permits of quantity production at rates oii costs “o 


that a few years ago were considered. eevenevable. 


a 
é 


FicurE 1. 
Ficure 2. 


* 
i 
{ 
e 
A-1 
= 
| 
rr 
’ 
| 


Ficure 3. 


Ficure 4, 


A 
\ 
. 
H 
. \ 
\ 
LO 
awe 


Ficure 5. 


Ficure 6. 


| 
| 
| 
| 
| 
ake 
| 
| ga. 7 
foe 
| 
: 


Ficure 7. 


i * 
| 
| 
| 
| Ficure 8. 
| 


FicureE 10. 


Ficure 9. 
Th 
é 
- 
§ 


ag 
{ 
i 
q 
} 
q 
4 
4 
, 
a 
q 
} 
4 
q 
| 
} 


THACHER PROCESS OF MOULDING PROPELLERS. 17 

Third: It permits of exact reproduction. 

Fourth: And highly important, especially in these times, it 
does not require the. services of skilled moulders. _The mould- 
ing being purely mechanical, any 00 a man can 
be trained ina few. days. |) 

Fifth: While not yet developed here i is no reason that the 
process cannot be used in burning on metal to broken blades. 
With repairs made this way there shies be, no. doubt.as to 
the accuracy. of the repaired blades, . 

_ Sixth: While in the pattern: in 
use it is necessary to charge from 50 per cent to 80 per.cent 
of, metal in.excess of the. finished weight of the wheel, the 
amount increasing as. the efficiency of machining. decreases, to 
allow. for machining, the excess. of metal required in. this 
method is only 25 per cent to 35 per cent, and once the amount 
of excess is, determined, no change, due to machining condi- 

tions need be,made, as machining of the blades is unnecessary 
and. can, therefore, be disregarded in the charge calculations. 

‘Seventh; In addition to, saving metal as noted above, the 
fact that no machining of the blades is required, eliminates the 
employment of. machines, tools and machinists and results in 
decreasing the. time. of manufacture, in. case a large 
wheel, by two or, three, weeks... 

This. process, the Thacher, based on 
principles: in permitting the making of propeller wheels true 
to design, will be an invaluable aid in the furtherance of pro- 
MATION 
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FIREROOM CONTROL ON THE U.S, 8. TENNESSEE. 
By J. H. Kine, Associate. 


The present method of segregating each boiler on capital 
ships in a separate water-tight compartment presents a problem — 
of operation that is quite different from that heretofore en- 
countered. The older ships fitted with oil fired boilers have 
three firerooms, with three to four boilers in each. In these 
ships it is comparatively easy to get from one fireroom to the 
other and boiler ‘toom is a simple 
matter. 

The battleship Veviiised is the first ship in our Navy to be 
completed in which each boiler is located in a separate fireroom. . 
The new battleships Maryland and California are similarly 
arranged, as well as all capital ships now laid down. Boiler 
operation on these ships is more complicated and’ necessitates 
handling the boilers from a central control’ station. ‘Under 
these circumstances extreme flexibility and ease “of control is 
essential, The method of fireroom control worked out for ‘the 
‘Tennessee proved very satisfactory and it is believed that the 


ENT, 


The boiler rooms are located outboard of the machinery 
space. Four firerooms are located on the port side and four 
on the starboard side as shown in Figure I, As stated above, 
each boiler is located in a separate water-tight compartment. 
Access from one fireroom to another is gained only by passing 
up a ladder from the fireroom eri through an air-lock, to the 
second deck. 
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Steam is furnished by eight (8) Babcock & Wilcox boilers 
and superheaters, having a total heating surface of 41,768 
square feet and a total superheating surface of 4,168 square 
feet. Each boiler is fitted with six (6) Babcock & Wilcox 
Cuyama Design Mechanical Oil Burners with No. 4220 sprayer 


plates, having a capacity of 760 pounds of oil per burner per 


hour at 300 pounds oil pressure. 

_ The boilers are the usual Babcock & Wilcox Navy type with 
furnaces arranged for oil burning and are designed for 285. 
pounds working pressure. These boilers are twenty-nine sec- 
tions wide, ten groups of four 2-inch tubes high with tubes 
8 feet 0 inch long. The superheaters are of the Babcock & 
Wilcox standard U-shape construction and located at the top 


_ of the first and second passes in the boiler. 


Fuel oil under pressure is supplied to the burners by turbine 
driven Kinney pumps, having. a capacity of 56 gallons per 
minute at 2,400 r.p.m. , One main and one auxiliary pump are 


‘located in the after machinery space and a similar installation 


is located in the forward machinery space. Oil heaters are 
placed above the pumps in each case. The oil supply lines to 
the boilers are arranged so that any pump can supply fuel oil 
to the burners on any boiler, An oil pressure telegraph is 
located in each machinery space near the oil pumps, by means 
of which the oil pressure desired can be signalled from the 
control room. 

The arrangement of burners on a boiler front ~— is he 
in Figure II. 

For operating purposes, men oil burner is fitted with two 
valves and each boiler is fitted with a master control valve. 
In practice only the valve nearest the burner is used for lighting 
or shutting down a burner, the valve at the supply pipe being | 
fitted as a precautionary measure. The master valve is open 
at all times, except in case of emergency. : 

Above each boiler room is a blower room in each of which 
is located a Sturtevant blower designed to deliver 25,000 cubic 
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ARRANGEMENT OF BURNERS ON BOILER FRONT 
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feet of air per minute at 8 inches air pressure. The throttle 
valve on each blower is fitted with an extension rod located so 
that the water-tender can readily control the blower from the 
fireroom floor. A U-tube air pressure gauge and a blower 
steam pressure gauge are located on the bulkhead alongside the. 
blower throttle extension rod in each fireroom. 

The following equipment is conveniently grouped on the 
bulkhead at one end of each fireroom : 


One boiler steam gauge, 

One fuel oil pressure gauge, 
One feed water pressure gauge, — 
One oil burner control telegraph, 
One smoke indicator. 


There are also push buttons for signalling the machinery 
spaces and control room for * More Feed” and “ More Fuel,” 
and an emergency signal i in case of an accident. 

The fireroom control panel located in the main control room 
is shown in Figure III. The equipment on this panel consists 
of the following: 

Four boiler steam gauges, one each connected to 


After port steam line, 

After starboard steam line, 
Forward port steam line, 
Forward starboard steam line. 


Two fuel oil pressure gauges, one each connected to _ 


After machinery space, 
Forward machinery space, 


Four Cory oil burner control telegraphs. 

Two Cory smoke indicators, one for each funnel. | 
One “ More Feed” and “ More Fuel’’ signal. f 
One emergency signal, 
One oil pressure telegraph. | 
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The type of oil burner telegraph located in the control room 
is shown in Figure IV. Each of these is arranged to control 
two firerooms simultaneously, thus: No. 1 and No. 3, No. 2 
and No. 4, No. 5 and No. 7, No. 6 and No. 8. The figures 
on the dial, such as “2” and “ 4,” Figure IV, represent boiler 


OIL SUANZA CONTAOL 


0 


OIL BURNER TELEGRAPH FOR CONTROL ROOM 
. Fig. IV. 


room Nov 2 and boiler room. No. 4, respectively, to which this 
telegraph is connected. ‘The dials upon which the boiler or 
fireroom numbers are painted are transparent and have an 
- electric light placed at their rear inside the telegraph. These 
lights illuminate the fireroom number when that fireroom has 
answered the signal sent from the control room. The method 
of signalling will be described later. 
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The oil burner telegraph located in each fireroom is of the 
type shown in Figure V. This type is fitted with a signal bell, 
which rings whenever the control room telegraph is operated. 
The pointer moves to indicate the number of burners to be 
lighted. 

The smoke indicators are controlled from the bridge, two 
instruments are located there for this purpose. These are 
arranged so that one signals the four boilers connected to the 
after funnel, and the other signals the four boilers connected 
to the forward funnel. Both signals are also sent simultane- 
ously to the control room. On each smoke indicator is a bell 
which rings each time the control indicator on. the bridge is 
operated. 


OPERATION. 


generally now realize that economy i ‘in the opera- 
tion of any power plant, whether ‘on land or sea, is found in 
the fireroom. Certain increases in economy are obtained with 
improved types of engine room machinery, and “other slight 
gains are sometimes made by ‘minor adjustments here and 
there about the machinery, occasionally after:days ot weeks of 
patient effort. All such gains can ‘be, and often.are, almost 
entirely offset in a few hours by lack boilers 
and improper firing, 

On the newer capital ships, sii as the Tasiné, everything 
pertaining to the propulsion of the ship centers in the control 
room. Here are located the levers for operating the electrical 
equipment as well as the apparatus for controlling the fire- 
rooms. The engineer officer of the watch is stationed in the 
control room and keeps in constant touch with fireroom con- 
ditions, A chief water-tender operatées:the fireroomconttol: © 

Each fireroom is in charge of a water-tender. He is assisted 
by two firemen. One of the firemen looks after the burners 
and the other mans the J. V. telephone continuously, The 
J. V. telephone is also manned continuously in the control room 
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and the machinery’ spaces, so that any’ signals or- instructions 
chief) water-tender is also each four 
fireroomis, in 
frequency ‘of in’ of in ‘use 
on boilers: depends to’ a large extent upon the ability and - 
steadiness of’ the chief water-tender on! watch If he changes 
the: number of burners: with every slight ‘fluctuation in steam 
pressure, the are oftert unable°to 
The’ primary we the chief on at the 
control panel is to maintain the desired’steam pressure.’ He 
also watches the oil pressure and feed water pressure gauges. 
When these fall below the desired pressure the machinery | 
spaces are notified and. are in 
withinstructions. 
In maintaining the steam pressure, to the 
the number of-burners to light. In doing this, the handle on the 
oil burner control telegraph is moved to the position indicating 
the number of burners desired. This signals the firerooms 
controlled by the particular telegraph operated. The signal bell 
on the telegraph in the fireroom rings and the pointer indicates 
the number of burners wanted. The’water-tender then lights 
off \or shuts down enough burners to give the number of 
burners called’ for and then moves the handle on his telegraph. 
to the position corresponding to the number of burners sig- . 
nalled. When''this is done a light shows behind the number 
_of the fireroom-on the burner control telegraph located in the 
control room.’ ‘This procedure is repeated whenever the control 
room signals a: change in the burners; so that the watch in the 
control room’ ¢an tell. by- the signal lights on the control tele- 
ihe sed just how ‘many burners are in use on: all boilers. 
When a ‘signal: is’sent from the ‘control room to the ‘fire- 
room’ ‘fora’ certain umber’ of buttiers, thé water-tender on 
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watch speeds up| or. slows down the blower, according to the 
number of burners called for, and then lights off or shuts down 
the burners as required. The air pressure to be carried for any 
given number of burners and: oil pressure is shown on.a chart 
placed alongside the blower throttle extension handle. By | 
reference to this chart, the necessary air pressure is observed 


. and the blower is regulated to give the desired pressure: | The 


air pressure required for a certain’ number of burners varies 
with any change in the oil pressure. The oil pressure carried 
is shown by the oil pressure telegraph 
be readily checked by reference to the oil pressure gauge. 
The chart used during the shake-down cruise: ‘and: tials ‘of 


FORCED DRAFT GUIDE, wait 
Sprayer Burners. in. 1 2 Noz. 3 Noz... Pressure. 
2: 


The above chart was ; developed in. the gag manner : 
_ An electric light was, hung opposite the peephole at the, bot- 
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tom ofthe third pass on one By observing 
this light‘ from the :peephole on 'the opposite side of ‘the’ boiler 
the smoke condition was readily determined, It is well known 
that best'combustion is indicated by a light the 
electric light’ is plainly visible across the boiler, yet without a 
glare, the ‘smoke ‘condition is tight. This* can’ 
checked by observing the funnel from the deck. 

Tn determining the various points‘on the chart oil pres- 
sure’ was fixed first at'200 pounds. » Two burners were lighted 
and the air pressure regulated until the smoke condition as ob- 
served through the peephole in ‘the boiler was satisfactory. 
The air’ pressure was then noted: Later ‘three burners were 
lighted, maintaining the oil pressure at 200 pounds and the 
same procedure was followed. After determining the’ correct 
air pressure also for four, five’and’six burners, the oil pres- 
sure was raised to 250 and 300 pounds’ successively and the 
air presure for the various number of burners was noted in a 
similar way. ‘The results on one 
against another boiler. 

chart was intended ‘as’a diel water- 
It was found that, on some”boilers, ‘slight modifica- 
tions ‘were fiecessary in the air pressure’ shown on the chart. 
These modifications varied from time to time on the same boiler 

as small leaks developed in the firéroom, casing, etc. How- 
ever, if for any given number of burnets arid oil pressure, the 
air pressure was carried at the point shown by the chart, it was 
found that ‘the smoke condition was ‘approximately ‘correct. 
When frequent changes were ‘made ‘in ‘the ‘number of’ burners 
in use,'as when maneuvering, this was sufficient. When the 
number of ‘burners remained fairly constant, as’ when ctuising, 
the slight correction in the air presstire — be 
vation and efficient combustion obtaitied. 

Before ‘obtaining the data’ necessary for it 
was, Of course, fiécessary to thoroughly'clean the atomizers and 
strainers, so that it’ would be certain’that the oil pressure shown 
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on the gauge would be delivered to the atomizers. It might be 
said here:that one of the two principal causes.of lack of capacity 
and efficiency in oil burning is dirty atomizers. Too, much at- 
tention cannot .be given this point... Strainers: must) be kept 
clean and the slots in the sprayer plate or tip must. also be 
kept clean and polished. Metal should never be used in polish- 
ing these surfaces, as even slight scratches will cause streaks 
in the oil spray. A tool made of lignum vitae proves very satis- 


_ factory for cleaning sprayer plates or tips. hoxih-esar tome 


The second main reason for lack of efficiency in oil burning 
is improper regulation of the air supply. Most of the firemen 
appreciate that there is a loss when ‘smoke is produced, but 
few seem to realize the great loss that is obtained with the use 
of too much excess. air, producing a clear funnel, One condi- 
tion is as bad as the other and perhaps the efficiency ‘is even 
less when running with, a large amount of excess air than with 
a deficiency of air supply. After some practice’ an,.observer 
can tell when.the right furnace conditions exist by watching 
the furnace through the peephole in the side casing. However, 

a simple indication of correct conditions is given by sensi 
a light haze at the funnel... 

When the ship was specified 
ing the shake-down, cruise and trials, the number of boilers. cut 
in was of course determined by: the engineer officer,, ‘He also 
specified the oil pressure,,. The atomizers were, fitted: with. the 
same size sprayer plates or tips, for all conditions. . When. pos- 
sible, and ‘this usually, the case, all but, one.or two of, the 
boilers were operated with a constant number of oil.burners in 
use... The steam, pressure was then regulated,.by, varying the 
number of burners on the other one.or two, boilers,.; This,made 
it possible, to. maintain, fixed on of boilers 
and increased their efficiency... » basi weltsy 

_ If, the, ship was ,operating under ja. allen range of, speeds, 
all boilers, were cut,)in, the oil) pressure. was. fixed, at 300 


pounds. and the steam pressure regulated by varying the num-— 
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ber of burners. in use... In, fact, the ship. was operated, under. all 
conditions from. port, load. to full.power, by merely, changing 
the oil pressure successively from 200 to 250and.300 pounds 
and; by, varying the number of burners, The time.necessary 
to light five of the six burners, or. shut done hie of. sisal a 
but a few seconds; 

since the trials of the Tennessee the ship has: materially. re- 
duced her steam consumption at all.loads and that-the method 
of operating the firerooms is slightly different.in certain details. 
However, the general. method is essentially as herein described. 

_ Certain other. schemes have been. suggested for. controlling 
the firerooms. and. regulating all, the boilers. and, burners 
simultaneously by operating one valve in. the soil, line: Of 
course, the air_pressure would have to be regulated too, as well 
as other adjustments made. . In this. connection should, be 
remembered that the size of our present capital ships, is, such 
that regulation, of machinery, to cause. a. change, in speed; is 
not, instantly, effective: in the. headway of the ship. On such 
ships as the type herein described, the time necessary, to. regu- 
late; the burners. in the. firerooms. is; not appreciably, if. at all, 
greater, than the, time necessary, to regulate, the, electrical ma- 

chinery to conform with. the signal:from the bridge... 

The, method. of, fireroom control used. onthe. is 
also.,i in use. onthe new. battleship Maryland....On, both ships 
the scheme) has proved: “entirely, satisfactory . and, \very, flexible. 
_ | When, operating at full, power, it .was found that the boilers 
that were farthest away from the turbine throttles.tended,.to 
lift their safety valves even though the line pressure was be-- 
low the safety valve setting. This was readily overcome by 
setting up five pounds on these safety valves. 

An improvement in the fireroom control apparatus adopted 
on the Maryland consists of arranging an air pressure gauge 
so that the control room can observe the air pressure in any. 
fireroom at any time. If the smoke indicator shows that some 
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fireroom is smoking, the man on watch in the peer room can 
easily’ determine what fireroom or is ‘give 

"There few other: that seem desirable’ to 
install in the cofitrol room, For instance, a cut-out’ switch 


_ should be attached to the oil burner control telegraph so that, 


if desired, only one fireroom at a time’ could be’ signalled. 
Occasionally the steam pressure varies So little ‘that a change 
in the number of burners in use on two boilers is moré than is 
needed.” On larger ships, such as those with ‘sixteen boilers, 
it would ‘be advisable to provide a system of easily operated 
switches that would enable one oil-burner control telegraph to 
operate one boiler; two, three or r four boilers; or various com- ; 

Practical distant reading are-now available 
and it would be comparatively easy to install thermometers of 
this type that would indicate the fuel oil and feed ‘water tem- 
perature on the fireroom control panel. “The necessity for keep- 
ing these temperatures constant needs no emphasis ‘here. 
Nevertheless, trouble is often experienced with fluctuating — 
temperatures and’ it would be well to have thermometers indi- 
cating such temperatures located where they would come wooed 
the constant observation of the control room. = 

It is believed that the addition of the above noted apparatus 
will improve the efficiency of these’ ships.. ‘However; the ex- 
treme flexibility and ‘simplicity of Operation of the fireroom 
control on the as described ‘amply 
in service. 


i | 

3 

bi 

1 

if 

; 

q 
; 

4 

q 

| 


By. Liev. G. U. S. N, M. 


In ‘the’ Bureau of! to 
the Navy ‘Department the plans fora boiler which had’ been 
designed by Rear Admiral C. W. Dyson, U. The Bureau 
stated that it believed that this boiler would prove a ‘particw- 
larly*satisfactory ‘steam gerierator’ for’ capital ships, atid-recom- 
mended that, from the ‘plans’ ‘submitted, one ‘boiler ‘be con- 
structed for experimental purposes, ‘The Navy! Department 
authorized’ the construction of stich ‘a boiler;'and awarded the 
contract for it. to ‘the Dey 
Dock: ‘Company. off 

“The: boiler ‘was’ duly in ‘exact: with 
the ofiginal ‘plans, and, in Jantiary) 1921, was delivered to 
the Philadelphia Navy Yard where it was' set up at the Fuel 
Oil ‘Testing Plant. After certain preliminary tests had’ been 
-run to ascertain that the boiler was in proper condition, a. 
Board ' was ‘appointed to conduct official ‘tests and to report on 
the results. ‘This article is based on the results of these tests 


DESCRIPTION OF THE BOILER. 


The boiler: was designed to meet the requirements for a 
steam generator for high-powered. a bad the Navy, these these’ 
being: 

High efficiency. The specifications this class of’ boiler 

require that, when burning oil at the rates of 0.25, 0.5; 0.75 
and ‘pound’ of’ oil per square’ foot of heating surface per 
hour on the basis‘ of oil having 19,500 B. T. U's. per potind 
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the evaporative efficiencies from and at 212 degrees F. shall 
be not less than 16.2, 15.75, 15.1 and 14.5 pounds of water 
per hour, respectively, per pound of oil. 

2. Great heating surface compared to the weight and volume 
of the boiler, 

3. Ability to stand forcing to ‘the extent of at least Fry: 
pounds of oil per square foot of heating surface. 

4. Furnace conditions that will permit smokeless operation 


at high steaming rates, and that-will, meet the specified: re- 


quirements that “the maximum rate of. combustion shall not 
exceed 10.8 pounds of oil per cubic ant of. furnace; sanenes 
per. hour. ” 

5. _Superheaters that will a reasonably, high. 
of superheat, and. through. which the steam velocity and. the 
pressure drop must be low, and which will meet the require-- 
ments, of the) specifications,as follows: “The superheaters 
shall be so located as to permit of easy access and removal for 
examination, renewal, or repairs. The superheating tubes shall 
be so located, among the. generating tubes that the superheater 
tubes shall.in no place be closer to the furnace than one-half the 
thickness of the generator tube nest, and so arranged that the 
entire products of. must across. 
heating, surface.” 

_ 6, The absence. of plate: gas bafites, as. these are prohibit 

The boiler is of the Express. pe of, one! ‘upper 
or steam drum, connected by two nests of tubes to two lower, 
or water drums, -’ These tubes are straight except at the ends 
where they are bent.to enter the drums, normally, two 


inner rows: of tubes. of each nest are 134 inches.in.external 


diameter by 120 mils thick, the remaining tubes are, 1 inch 
in external diameter by 109. mils thick, In the outer: half of 
each nest of. tubes every third. row of tubes in the direction. of 
the axis.of the drums is omitted to provide space jto be 
occupied by the superheater tubes, On the uptake sides of the 
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generating tubes are located the two ‘superheating units, one 
unit on each side, each unit consisting of two 15-inch drums 
connected by tubes 1 inch in external diameter by 109 
mils thick. The shape of the superheater tubes, is, ‘such that 
when the ‘superheaters are in place the ‘superheater., tubes, 
‘cupy the spaces between the outer generating tubes in such a 
manner that the entire products of combustion must. pass across 
the superheating surface. , As originally designed, the only gas 
baffling consisted of a baffle wall about 15 inches ‘wide | on, each 
superheating unit, the upper edge of ‘the wall touching the 
upper superheater drum and resting on the outer row of super- 
heater tubes. Retarders are installed inthe outer three rows 
of, tubes. of each superheating unit....An idea of. the es 
of, the boiler can be, obtained. from’ Plates. 

The principal dimensions of the ‘oiler 
Generating. surface, square feet... 024 6170 
Superheating surface; square visi dite. absat stew 
Total heating: surface, square feet’) es 
Furnace.volume, cubic feet, 000...) 654 
Estimated. superheat at 1 oil, per “oot 

heating surface 60 degrees to 80'degrees Fy 
tubes, 134 inches: outside! diameter 120 | 

thick; approximate length 9 feet:'3 inches,:number 174: 
Generating tubes, 1-inch outside diameter: by, 109 «mils thick, 


approximate mean length: 8, feét, 6inches, ‘number 2,500. 


Superheating tubes, 1-inch outside:diameter by: 109-mils thick, 

>|) Maximum -length.?° feet 444) inches, minimum length: 4 

» eet, 856 inches, number, 780. vow 

Steam drum, 48 inches inside diameter, 12° feet: 114° inchés 
long, number 1. 

drum, 15 inches inside diameter, inches 

drums; 15 inches: inside ‘11 feet? 934 

inches long, number 4. off} 
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at various rates of combustion, ‘the | evapo- 

rative -efficiéticy. of the boiler and ‘furnace as designed. 

hig! To détermine the value of this boiler as compared | eth 
other boilers of the same type, as a steam generator for battle- 
ships, battle cruisers and scout cruisers. are 
“"8."To determine, as far as possible, alterations i in cy and 
cristrtiction that will improve t the efficiency of the boiler. and 
its fitness for Naval use, 


“WAN with the boiler’ with nine 
Bureatiof ‘Engineering’ ‘Standard ‘Natural'Forced Draft ‘Air 
Registers and Bureau’ of Engineering Standard Fuel Oil Ato- 
mizers, Plates 1 atid 2 show the arrangement of the registers 
in the boiler front. The first series of tests (Nos. 38~1 to | 
88-5!) were made with the boiler arranged in every way exactly 
as designed, as shown on Plate 3.°°The remaining tests were 
made with. various. arrangements of gas baffling, as shown on 
Plates 4, 5 and 6. The size and position of the holes*in the 
distributor pipes in the lower superheater drums were changes 
between tests as'noted below. After test No. 838-21 and before 
test: No! 38-22, moulded refractory furnace opening rings 
were substituted for the plastic clay rings used in the’ pre- 
ceding tests: No other changes than these were hegre to the 
boiler during the course of the tests. 

The official tests were started on March 4; 1921, and con- 
tinued thereafter until completion. The dates on which the 
various tests were run are shown: on 
Plates 7, 8 and 9: 


RESULTS OF THE ‘TEST. 


sheéts, Plates 7, 8 and 9, and: the: curves 


plotted therefrom, Plates 10, 11 12, the of 
the tests. 
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The first series of tests, Nos. 38-1 to 88-5, were conducted 
with gas baffling arranged as shown on Plate 3, and, as pre- 
viously stated, with the boilers exactly as originally designed. — 
The following is a partial summary of the results : 


Test No, | Duration, hrs. | No. of burners 
2 250 
38-2, 2 -§04 
38-3 3 7 
38-4 3 ‘999 
38-5, 2 9 1.489 

Lbs. Oil 
Test | me | Stack iguperheat: 
No.) perhr. Evap. Temp. 


38-1 2.362 | 15.625 | 80.51 | 546 | 30.3 
38-2 4-750 14.940 | 77:03 | 626,| 44.7 
38-3 7.081 14.336 | 74.62 | 741 66.8 
38-4 9.420 | 13.638 | 69.88 | 787 80.4 
38-5 | 11.779 +] 13.542 | 69.27 | 824 | 800 


During this series of tests the furnace conditions, at all 
rates, were very bad. It was apparent that the gases had a - 
short circuit to the uptake through the lower part of each nest 
of tubes. The incandescent gases did not reach the rear of the 
furnace, and it could be seen with the eye that nearly all the 
gases entered the nests of tubes near the lower drums. Also, 
at all rates, there was a heavy deposit of carbon in the form 
of a ridge about 10 inches wide which formed about the 
middle of the length of the furnace on the furnace floor and 
extended up each side of the furnace for about half the length 
of the inner rows of tubes. From time to time the carbon de- 
posited on the tubes would break up and fall to the furnace 
floor in large solid lumps. The deposits, while forming on 
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the tubes, had somewhat the appearance of stalactites. No 


other carbori was deposited than this ridge which formed about 


the middle of the length of the furnace. At the end of five or 
six hours of steaming this ridge along the floor of the furnace 
would be ‘about 8 inches:in height by 10°inches wide.’ It was 
plainly’ evident that the!short circuit path of the gases ‘must 
be closed by some form of baffling, and it was believed that 
baffling would, to some extent, reduce the carbon, deposits. 
Howeyer,-it appeared that the carbon deposits: were the results 
of the low grade of fuel which was being burned; and of the 
proximity of the burners to the furnace floor and walls which 
permitted the unburned. gases to come in tcontagy: with these cold 


_ surfaces, 


Before the next series of beste ‘were conducted the her 
was baffled as shown on sketch, Plate 4. Lane baffles, con- 
sisting of U-shaped plates were placed in the outer, lower 
parts of the nests of tubes in the lanes which, in the upper - 
parts of the nests, are occupied by the superheater tubes. 
These lane baffles ‘have the effect, not of completely closing 
the path of the gases through | them, but of so impeding their 
progress that the same fesistance is offered in all parts of the © 
nests of tubes, the effect being the same as though the super- 
heater tubes extended the whole length of the generating tubes. 


_ The plate baffles “ E” were installed to close the passage be- 


tweeri'the lower superheaters drums and the generating tubes. 
It was predicted that the results of this baffling would be to 
reduce the stack temperatures, reduce the superheat, increase 
the evaporation, and reduce the amount of carbon deposited. 
The pressure drop from steam drum to steam line was rather 
high, and, to improve this, before the next series of tests, the 
holes in the distributor pipes in the lower ‘superheater drums 
were enlarged from % inch to 9/32 inch, and the pipes were 
rotated 90 degrées so that the holes faced the inner walls of 
the drums’ instead of the lower walls. The following is a 
partial summary ‘of the results of the tests with this atrange- 
ment 
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“Mest No. | Dutation, hrs.) of burners 
38-8. if (se -464 usiq 

No, per hr! chica 4 ob 

38-6 | 4.766 15.028) 77.38 | 504 | 43-8. 

38-7 | 9.474 | 14.103 | 72.46 | 696 | 65.1 

38-8 | 4.374 889 76. 78; 


As predicted, the. ‘stacks: teinperaturee, during these tests were 
reduced to a satisfactory point, the superheat. fell. off mate- 
rially, and the efficiency increased, | but toa less degree than was 
expected. It was apparent after these three tests that further 
changes in the gas baffling would have to be made, so no 
further tests were run with this arrangement. During. these 
tests the. furnace conditions were much improved over. what 
they were during. the first series, . but the carbon deposit, ah 
though slightly less than, previously, was ‘still very bad. It 
was believed that this condition was, due to the quality, of the 
oil being burned,, The inferiority and unsuitableness of the 
oil was evidenced by the fact that sparks of incandescent pid 
could be observed i impinging on the rear wall of the furnace. . 
Before the next. series of tests the baffling was altered. as 


shown on sketch, Plate 5, The plate baffles between the lower 


superheat drums and the , ‘generating tubes. were, remoyed 
completely, and the upper part, of the Jane baffles were removed, 
It was expected that this would i improve. the superheat without 
lowering the efficiency, and at the same time keep the. stack 
temperatures reasonably low.. These tests, were with 
this arrangement, with the following results, 
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Lbs. Oil; per 
Test. CuftFv.| | Eee ‘Superhea 
No. per hr. Evap. |Temp. 


38-9 | 4.754 | 14.844 | 7589 | 633 | 39-4 
38-10. 4.770 14.688 74-99 | 670 "48.8 
38-11 | 8.470 13.172 67.24 | 775 87.0 


These tests were conducted keeping the oil temperature con- 
stant at 185 degrees to 190 degrees, and the pressure constant 


at 165 pounds,, -yarying the steaming rate by varying the nuin- — 


ber of burners, and not by varying the quantity of oil per 
burner, The results were disappointing and ‘the tests ‘were 
discontinued after the third. The superheat was abnorinally 


stack’ ‘temperatures were high, and’ the evaporation 


- was very low. No improvement in the pressure drop was 


observed as a'résult of the alteration to the distribution pipes 
in the lower stiperheater drums. The weather conditions dur- 
ing the tests were véry unfavorable. A pouring rain was 
falling during most of the time. The 
stantially ‘the! same as: inthe previous test. 
Before the next series of tests, the bafiing was' 

‘on:kketch; Plate.6.. ‘The plate baffles between the lower 
superheatet, drums and! the generating tubes -were’ replaced, 
except that gas passage; about 2 inches wide left adja- 
cent: to:the drums. The lane baffles were arranged ‘as'during 
tests Nos,’ :38+6, to 38-8. : The ‘holes in the distributor’ pipes 
in| the lower supérheater drums: were again enlarged; this' time 
toi 9/16.-of jan inch: In) order: to' determine: the’ cause‘of ‘the 
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heavy carbon deposits, it was decided that, before conducting 
any. further! tests, a better grade of oil should be obtained. 
Accordingly a quantity of special oil was purchased. .'This 
oil, as the analysis shows,’ was erry good. The. follow- 
ing results were obtained : 


Test No. hrs. No. of burners 
38-13 | 2 1.005. 
38-14 3 349 1.385, 9. 
38-17 9 1,006 


38-12,|., 4.740 .1§:456 | 76,84. |, 
(38-13). 9-483 14.633:| 72.61 813 if 
38-14 |..13051. | 13-876 | 69.03, |, 874.) 83-405. 
38-15) 2-354 | 15439 | 76.79 | 535.) 24400 
38-16 | 7.053 | 15.308 76.20 | 712 | 547, 


$y 


sire superheat and stack temperatures, and it was decided 
that the arrangement of the baffling was the best ‘that could 


be,made., As a-result of the better quality of oil, the furnace 


conditions were greatly improved, and the carbon deposit was 


very materially reduced. The carbon, however, was’still quite 


bad, and-it was decided that this was due to the boiler front, 
and that the condition: could be corrected only by installing ‘a 
different front,: with some other register and’ atomizer. © ‘The 


weather conditions during the above tests were not very satis- 
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factory, and, therefore, it was decided to conduct additional 
ones for the purpose of obtaining more nearly. representative 
data, and to observe the effect of various registers openings 
and oil pressures. No change was observed in the pressure 
drop from drum to line. Curves, Plate 18, show where the 
pressure. drop occurs, The drop is not considered excessive. 

ba igfowing © results were obtained on the next series of 


No. | Duration, hrs. | No. of burners fer 94. 


ft. H.S. perhr. 
38-18 2 “4451 
38-19 2 
38-20 2 -808 
3 9 1.030 


| Lbs. Oil per 
Test |: Stack 
Byap. | Eff. Temp. Superheat 


38-18 4.251 15.444 79-20 629 32.3 

38-19| 5.319 | 15-356 | 80.29 | 64r | 41.3. 
(38-20; 7.625 15-109 | 78.67 | 685 48.3 
75662 | 748 | 64.5 


These results were and 
tive of the boiler. The furnace conditions when using five 
or more burners were very good, The furnace conditions 
were best when the registers were slightly closed and the air 
pressure sufficiently high to give a velocity through the reg- 
isters such that the flame would be projected well toward the 
rear of the furnace. The furnace is so deep that unless a 
high air velocity through the registers is used the ee 


of gases in the rear of the furnace is bad. 
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To obtain points at very high and very low rates of com- 
‘ bustion, one more series of tests were conducted with the fol- 
lowing results : 


No. | Duration, hrs, | No. of burners per hi. 
Lbs. Oil per 
Test Eq. | Stack 
No. Evap. | Temp. 


38-22| 10.500 | 14.566 | 7515 | 777 | 69.0 
38-23 | 11.328 | 14.403 | 75-19 | 808 |. 69.0. 
38-24| 3-485 | 15-513 | 80.88 | 505 28.7. 


The weather conditions while these tests were in interes 
were favorable. The data is believed to be reliable and repre- 
sentative. For the two tests at high rates, Nos. 38-22 and 
38-28, the registers were partially closed and high air velocity 
through the registers was, therefore, necessary. This resulted 
in a very good furnace, sae the carbon deposit was. - 


reduced. 


During tests Nos. 38-19, 20, 23 and 24, thermo couples were 
installed (in the left nest of tuhes, in the positions shown on 
sketch, Plate 14) and, from the temperatures thus obtained 
the curves of temperature gradient, Sewn on Plate 15, were 
plotted. 

To show the progressive results of the cs ie made in the 
baffling, efficiency and stack temperattre curves of all Series 


of tests are plotted on one’ sheet, Plate 16. 


The effect of weather conditions on the performance of the 
boiler was forcibly brought out. When it was raining, foggy 
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or misty, and, therefore, when the air contained much unevapo- 
rated moisture, the efficiency of the boiler fell off to a marked 
degree. 

Plate 17 is a photograph of the’ boiler’ front as rigged dur- 
ing these ‘tests: Plates 18, 19 and 20.are photographs ‘which 
were made after these tests had-been completed and the boiler 
had ‘been equipped with five Lodi registers. They givea good 
idea of the appéarance of the furnace, and show the condition 
of the tubes at the completion of the tests. 


ey tests indicate that this boiler will prove a highly satis- 
factory steam generator for capital ships. It meets all the 
specified requirements for such a boiler, and shows, a somewhat 
better evaporative efficiency than other boilers of its class. which 
have been tested. It is believed that with a different: boiler 
front, using a smaller number of larger registers. and burners, 
improved operating conditions, especially as Bika carbon 
deposits, will be obtained. 
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_ PRACTICAL ENGINEERING CHARTS. 
By K. F. Smrra, Lrevt.-Compr., U. S. Navy, MEMBER. 


[Eprror’s Notz.—A similar article on. this subject appeared in the 
‘* United States Naval Institute Proceedings ’’ but as the subject has been 


presented here in a somewhat different manner it has been deemed advisable 
to print it.] 


In the practice of engineering most of us find that at times 
we have computations to make involving more or less com- 
plicated formulae. When such computations are frequent, a 
chart for graphic solution becomes almost a necessity, Most 
of us can plot charts of the simple right line formulae, but 
find difficulty in charting the more complicated types involv- 

ing two or more variables. 
Unfortunately, most formulae used in engineering come 
far from being in the general mathematical shape indicative 
of a straight line. 
y=ax+ 

Thus, even for a simple chart, as for hourly coal consum 
tion in tons, having given numbers and weights of buckets, 
we have a formula with two variables : 


_ WN 

2240 
_ This is, of course, one of the simplest types and we can 
use the expedient of showing a series of straight lines for the 
ordinary weights of bucket, using as co-ordinates, Tons and 
Number of Buckets.’ This gives us a curve similar to A of 
Figure 1. We may use a swinging measuring arm, as in 
B—Figure 1, the auxiliary arm, OB, being placed on marks 
on the circumference, BC, corresponding to. bucket weights 


and so located that 6 = cos wer where W, is the 
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above, and then with more complicated ones. involving Com- 
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weight of bucket for which the horizontal scale of the chart 
is constructed; W, the actual bucket weight. 

_ Both of these are practical charts, but rather unwieldy. 
This type of.curve, as well as more complicated ones, can, fs 
will be shown later, be made direct reading. B 

_ Consider the following curves found in general engineering 
of even more complicated type than the above. 


(1) | 
LHP. | 


(3) T = 583.6 


Though each of the above equations contains at least three : 
variables, they can, by a simple transformation, be plotted as | 
direct reading charts. 

This method of plotting is so important and so little ice 
to engineers in general that the theory as well as the actual 
construction will be given ; first, with formulae similar to the 


bination Charts.” 
No originality is claimed for this method and my diy 


purpose is to demonstrate the facility with which these charts 
may be constructed and used. i 


“‘MID-VERTICAL, CHARTS. 


In the ordinary method of graphical solution we use 
rectangular co-ordinates, In the MIp VERTICAL method we 
have no abscissae. We use vertical scales only. The 
solution of a formula is obtained. by the intersection ofa 
horizontal or inclined line drawn between certain points 
given in the data, with a vertical ordinate on which is laid 
off, to scale, the required unknown. By correlating two or 
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more such charts we may depict nearly any formula even 
with pg or five variables and thus obtain a Direct Reading 
‘The equation of line is: | 
= ax + 
but it is readily seen that by choosing proper values of a and 
b, we can convert this equation into one having the form 
Ax + By 
aid this is the form required i in this method of plotting. 
Let us. examine the equations given above: — 


The equation LH. for any engine 
cd be SPN 


Now writing this in logarithmic 
Log LELP, — = log + log N 
Letting Log LH.P. — log K = C; 
=C 
whic is in the required form: with A = B Saat ee 


Similarly, equation (2), S= = 6. 35 can be 


= LHP. x 


or 
in which A 1,B= 


METHOD AND. PROOF OF CONSTRUCTION. 


Erect two vertion’ lines AG and CK 3 any convenient 
distance = d@ apart. Draw a horizontal line AC which will 
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be the zero line from which our measurements of:x andy are 
taken. For simplicity, consider first A =) B= 1 in the type 
curve and let AG be the X axis and CK, be the Vv axis, 

In the equation Ax + By = C assume a convenient value 
of C and compute two values and and which 
will fulfill the equation. an) 

Lay off AE (to the scale of L,.units to the inch) equal to 
the value of ,. ‘Lay off CF (to the scale L, units to the inch) 
equal to the corresponding value of y,. Connect these points 
by a straight line EF. Similarly lay off AG and CH, 
simultaneous values, of 2, and: y, to the scale L, and L, re- 
spectively, and draw the straight line GH intersecting EF 

in D. Through D draw the vertical line BD. 
Since AE, AG, CF, and CH ate actual distances” by 


construction, 


AG X L, = 
 CFXL=",, 
CH x Va 
Now, since C has been assumed, _ 
xy 
° 


(1) (Ly x AE) + (Le CF) = 

(2) (In X AG) + (Lyx vd 

(3) AG = AE + EG (by deerasion’ 

(4) CH= CF — HF (by construction) 
Multiplying (3) by L, and (4) by Le, 

(5) XL, 

(6) CH xX L, = X°L, 


“EG EG x BC BC Jom. sts tot 


: 

9 

2 
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(5) and two dotdw mort oil ores silt 


EG x BC X 


By substitution from (1) and. (2), 


To make this: true, 

Hence BG or unt 

By construction EG is not zero, 


Let AC = dj. AB = dj; and BC = ay 


and, since consti + dy=d, 
d, larly, = 
and, similarly, 


In this construction we could assume any pair of Wilhes 


for x and y, but as long as C ae constant and the scales 


for x and y, are not changed, a = a Therefore the M1p 
a, 1 
VERTICAL remains in the same position and D is found to 
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be fixed. All lines représenting a solution of x + y =C 
- with C constant will pass through D. DB, therefore, repre- 
sents C to some scale L,. ' 
DB: x L,= 
Substituting i in (1) and (2), 
: (L, X AE) + (L, X CF) = _ DB x ih 
(L, AG) + CH) = DB X L, 
Now where + = O, y = C, and the apoin K represents C to 
the scale of L,. 


Therefore CKxL,=C 


But BD XLi=c 
Therefore 
or L, L, 
4 
"Therefore L, = + Ly 


Therefore is stale along the middle vertical must -~ the 
sum of the outer scales. IOV 

If the formula.coefficients. A ands Be are in 
equation Ax + By = Cyit will be-found that the only-effect 
will be the “opening out” of: the ahd: y-scales, since 
the C scale/is correlated; the C scale aswell; and we will find, 
using the same nomenclature: (i. units to the 
inch, y = L, units to the’ inch, and Tay the scale ‘of: C), that 
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The position ofithie is 


' These last two are plotting must be remem- 
bered : 


\ 
(x) 1, = AL, + BL, 


ty BL, 
2 — == 
( ) a, AL, ; 
A PRACTICAL EXAMPLE. |. 


The ex-German Battleship: Ost/riesland has 
43 inches, 63 inches, 67 inches and 67 inches: in diameter, the 
rod diameters are H.P. 7°/, inches, I.P, 8 inches, F.L. 8 inches, 
and A.L. 6°/, inches; the stroke is 48 inches. _ 

_ Plot a horsepower curve for the three-engines combination 
from 5 to 15 knots, 30 to 83 R.P.M. 
Mean effective pressure ranges from 5 pounds to 60 pounds. 


000 . 


33,000 


log ILH.P. — log K = log P + log N 
log LH. P.—logK =C 


log P= J Ax + By= 


For convenience, I find it best to take millimeter cross 
section paper, or papet graduated 10 tothe inch. | We first 
decide on the size of the chart, having regard to the accuracy 
of the reading desired. In this case we decide. on a chart 
20 inches X 20 inches, We, therefore, draw our M.E:P. or x 
vertical at the left margin and: our or y deh 
at a distance of 20 inches to the right. ged 
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TABLE I. wee 
H.P. LP 


(2)| 2 Area Piston | 2904.4 | 6234-4 | 7051.4 | 7051.4 


(3) Area Rod. =| 47.2 50.3 50.3 35.8 
(4)| (2) (3) 2857.2 | 6184.1 | 7oor1 | 7015.6 
(5)| A = (4) } 1428.6 | 3092.1 | 3500.6 | 3507.8 
(6) K -3463 7496 .8486. | .8504 
_ Tabulating the data for M.E.P. and R.P.M. we obtain 
Table 
TABLE II. 
30 1.47712 .07918 Scale 1.32 12.95 
35 1.54407 ,06695  |rinch=.06) ‘1-12 14.07 
40 1.60206 -05799 15.04 
45. | 1.65328 05115 85 15.89 
1.69897 .04576 -76 16.65 
1.74036 | .04139° | 68 | 17.33— 
~ 60} 1.77815 03779. | 63 17.96 
30 1.47712 ° o 
35 1.54407 | .96695 | 2.68 2.68 
40 1.60206 -05799 5.00 
45 1.65321 ,O5115 2.02 7.02 
; | 1.69897 .04576 Seale | 1-84 8.86 
1.74036 04139 inch=.025 1.64 10.50 
60 |. 1.77815 .03779 | 12,02. 
75 1.87506 02996 1.20. 15.90 
80 1,90309 02803 1,12. 17.02 
85 | 1.92942 | .02633 “1.04 18.06 - 
— 
5 
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to thie logs of M.E.P. anid R.P.M. wé the 
range’ of logs is't.77815 — 0.69897 = T. 07918: for M. P. and 
1.92942 — 1.47712 + 248230 for’ R/P.M: 

We can now determine our x and y scales on the assump- 
tion that we have 20 inchés of height available.’ If we choose 
I, inch = ;06, == Iy, we,see,20, X .06.== 1.2, which is greater 
than. the, range of difference, in, the logs. of M:EiP.,, Similarly 
1 inch = .025 and .20 == greater 
than the range of difference in the logs of the, R, P.M... 

We are ready now to plot the H.P. chart. 

We have determined Lg anid, ‘since the 

COE OU. 1 L; = L, + Ht 20] moult 

Lg) = .025, + .06'==:.085 

_ We can now Sailions the position of the M1p VERTICAL. 

arid J a, 06 26°71 SABI OW 


20= 
106 


€ 
Underg.a 
= = 12 
2085. B IB OOS] SW 
and ad, = 5.88 


i. e., 5.88 inched the Hphe oP X ako, 
We now erect this, VERTICAL 5.88. inches, from, the 


axis. 


_ We. now lay off 5 on the base line at the bottom of the 
M.E.P. line and graduate the M.E.P. line by the distances 


above the base line —— in column six, (Table II), of the 
M.E.P. 


a 
| 
q 
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Similarly we lay off, 30,0n the ;base line at, the, bottom of 


the R.P,M, line and lay off, on the R.P.M. ling, the. 


shown in column six (Table II) of the R. eM M 


"CALIBRATION OF ‘THE MID VERTICAL, 


it now becomes necessary to graduate the Mip VERTICAL. 
Our scale we have found to be 1 inch = .085, by: coin pita: 
tion, but we do not know where the zero 


Examining the = 
We : assume any Aiba we desire for P ‘ad BE ‘say; for 
example, M.E.P. = 40 and R.P.M. = 80. 

Then | log LH.P. — 9.53945 = +6uhe6 + 1.90309 
log LH.P, = 
LH.P. = 1108.2 ='point P. 

If then we draw a line thtough R.P.M. = 80 and ~ 
M.E.P. = 40 and where it cuts the Mip VERTICAL (point P) 
plot 1108.2 I.H.P. we have the first point. Suppose, however, 
we take 1200 I.H.P. as our starting point for the I.H.P. curve. 

log 1200 = 3.07918 
log 1108.2 = 3.04460 
difference .03458 


= 085 
Therefore, we plot 1200 at a distance, 
— inches above point 
We tiow tabulate our curve as follows: 
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Inches above 
LH.P:| LogLH.P. | Dif. of logs. | Difference below 
1200 1.H.P. 
1,400 3.14613 ),03219 .38 + .79 
1,300 3-11394 .03476 + .41 
1,100 3-04139 i -03779 -45 —.45 
‘Joo 2.84510 ~ .0§799 68 —2.75 
600 2.77815 08695 83 —3-58 
500 2.69897 07918 -93 —4.51 
300 2.47712 +12494 1.47 —7,02 
200 | _ 2.30103 17609 2.00 —9.02. 
100 2.00000 30103 |) | 
TO USE THE SCALE. bas 


. Take the M.E.P. (from the indicator card),and. the, revo- 
lutions per minute and connect the points indicating: these 
factors. by a straight. line: Where this line cuts the 
VERTICAL will be found the instantaneous value of the HOR 
power... 

It will be that the position of the Mp ri 
not affected by a change in the value of K.and will thus: be 
the same for all cylinders. It will, however, be necessary to 
graduate the M.E.P. and R.P.M. lines for each cylinder, 
taking into consideration the value of K for different cylinders, 

In place of computing distances, they could be laid off 
directly by using the A or C scales of a slide tule. 


COMBINATION CHARTS. 


“We have seen in the preceding, how the simpler Yorialdine 
may be plotted for direct reading, but when more valuables 
are introduced we must construct two of more charts and link 
them together. 


‘ 
. 
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For example, consider the one 


We. can construct two charts (see este 3) 
Cc 
ind connect pie. Thus, from (1) 


Leth, of x 008 


a _ Ble 


whith give’ the scale and distances of the Mrp for 
eqiiation to'any scale we desire (see figure 
now assume values of and y and find the 
ing value of Cand mark’ the point where the line joining 
simultaneous values of x and g with 
‘KS = “(note the minus ‘sign). 
If, however, we graduate the w dices downwards instead 
of upwards, A> B= a4 


pays examine the for 2 and, w. sand 
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second equation, we compute the scale of either sen or L, (de- 
on which one has been assumed) 


| 
Li: =L,, then L, = 21, and - 
i e., the Mip VERTICAL of onr new chart divides it into two 
equal parts and we can erect the verticals for z and w. 
Now giving C the value m and assuming a value for either 
2 or w, we connect the assumed value of z on scale Ly 
(point Q) to point m (the value of C to scale L,) and project 
to the w line at point R. R “must be er ne simaltan- 
value of w to scale 

charts are inter-dependent, 


USE THE: CHaRT, 
"Binge these charts are for 


F x, y, and C, and for z, w, and C, we must have enter. a 


and y, or z and w given. 

We connect the simultaneous values of x and y, OF % ied 
w, by the straight lines (1,3) or (4,5) and note (2) where the 
line cuts the Mrp VERTICAL. ; 

Every straight line drawn through (2) cutting the Hd 
ly and L, will give a solution of the equation for simultan- 
eous values of x, y, 2, and. w. Therefore, take the given 
value of 2 or w (for example z = 4), and draw line (4,2) and 
‘project it to point (5) on the w line. Then point (5) to — 
will be the value of w. 
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EFFECT OF INCRIEASED DISPLACEMENT ON’ ‘DE- 
STROYER PERFORMANCE. | 


The Navy Department has developed a ‘method of ‘con- 
dueting trials of vessels prior to their acceptance. by the 
Government. which includes standardization ‘and fuel oil con- 
sumption runs. In, order to arrive at some logical basis of 
comparison, there has been established a mean trial displace- 
ment; which is designed to ‘represent the average conditions 
under which the vessel will operate when in commission. In . 
actual fact, however, the requirements of our service, which 
encourage vessels to be self-supporting for long intervals of 
time, has resulted in exceeding this displacement. The imme-- 
_ diate effect is that the data taken on official trials is no-longer 

applicable under usual service conditions. “The commanding . 
officer finds that the oil consumption is increased, and the 
speed is reduced, by some noticeable but unknown amount. 
Trials run by the ship’s officers after commissioning do not 
solve the difficulty on account of the lack of facilities for 


obtaining accurate data and making comparisons due to vary- uy 


ing load, weather conditions, and time out of dock. 

A Search revealed that there were no data on the subject 
of actual performance of destroyers which had any value from 
a scientific point of view. But there were found the curves 
developed by the towing experiments in the Experimental 
Model Basin at the Navy Yard, Washington, which gave 
the effective horsepower necessary at varying speeds and dis- 
placements. These data must be considered accurate and be 


used as the basis for further investigation, due to the scientific — 


pretisiae with which the data are obtained. This article 


> 
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attempts to tie up the results obtained’ there with the results 


obtained on the trial course and has resulted in the. develop- 
ment of the curves given in Plates I and II. 

The new destroyers Nos..75,to 347 can be divided into alae 
groups depending on their under water. body... 

(A) The Bath Hull, which applies to the vessels, built at 


Bath, New York Shipbuilding Corporation) The Wm. Cramps 


Sons’ Ship and Engine Building Co., and the Navy Yard, 
Mare Island, California, 

(B), The Fore River, Hull, applying to boats bait at. hae 
River, Squantum, ‘and Union Iron Works. 

The Newport News Hull. hg 

The tests at the Model Basin. were run on “each ‘these: 
types, curves of speed us, effective | horsepower were developed 
for three different displacements. The method of using. these 
data for finding the effect of change of displacement on, shaft 
horsepower i is the same for both types A and B and ‘resulted 
in the curves of Plate I for the Bath Hull. and Plate Bal 
for the Fore River Hull, On account. of insufficient data 
and radical change in engine design of the Newport News 
vessels, no curves can be drawn at present for those boats. 


The method used is described in detail for the Bath ects and ne 


tables also given for the Fore River Hull. _ 
The most satisfactory method of obtaining the dearek a 
would be to take a vessel of each class and conduct standard- 
ization and fuel consumption runs for all speeds at various 
displacements. The results could: then. be plotted, errors 


eliminated, and the effect of increased displacement would be oS 


shown immediately. This i is too costly and lengthy to be. pos- 
sible, and it was. necessary to resort to the results gotten on 
the trials of various vessels at different times. The effect of 
the varying conditions and lack of any attempt to locate the 
irregularities in the observed. data resulted in many, incon-- 
_ sistencies which became evident when direct comparisons were 
made, For example, eeaniparionn, of the. shaft horsepower of 
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the Tarbell and Chandler, which have the same under water 


hull but displacing respectinely, 1 163 and ais tons, give the 
table: 22325 


TABLE No. I. 


Tarbell Chandler per t 


24,590 | %25;660" | 1,070 14.1 


35 

30 15,175 ~ 16,330. | 1,155 ‘15.2 

20 3,210 3,140 = 

- 


A glance at the last column sf thi s table, which is the 
_ difference in shaft horsepower per ton. difference i in displace- 
ment, immediately shows that the observed-shaft horsepower 
in some instances are “incorrect, and “yet all the data were 
taken with the same care and worked out with the same 
methods. It is obviously. impossible to say-which reading is 
wrong and how much: any ore should be changed. Stch 
variations occtir in the results of all trials and are evidently 
due to instrumental errors, and the necessity” ‘arose of develop- 
ing a method of comparing the observed data with data known 
to be accurate so as to. indieate and eliminate the errors. 

Due to the accuracy with which the standardization trials 
are run, comparison of the speeds obtained for the same 
revolutions per minute showed directly that the effect of 
increasing the displacement isto reduce the speed of the 
vessel by a definite amount; ‘Theréfore, for any given R.P.M. 
a correction must be made to the speed picked off from the 
standardization curve of the official trials. The curve marked 
“RRM. and change in’speed in-knots per ton difference in 
displacement” on Plate I is derived by comparing the speed 
in knots obtained for. certain R.P:M. on the different vessels. - 
The data are given in” Table speed picked off 


in diff. disp. 
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‘Wickes vs: Chandler | Tarbell vs, Chandler 
peed 


8 


Chandler 
1,239 
28 
74 
45 
oo 


Tape No. II—R. P. M. vs SPEED. 


1,172 
8 

2 
5 


Jacob Jones 


Tarbell 
1,163 


1,142 
4 
5 
2 
2 
9 


R. P.M.| Wickes 
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for 100, 200, 300, 400 and 450 R.P.M. and the difference in 
speed is divided by the difference in tons displacement for the 
various vessels. A factor is thereby obtained, based on the 
R.P.M. actually made, which when multiplied by the difference 
in displacement over the trial displacement will give the loss 
in speed in knots. This correction applied to the speed 
obtained for the R.P.M. on the official standardization, will give 
the true speed of the vessel, and this true speed should be used 
in finding the factor.from the curve marked “Speed and 
S.H.P. per ton difference in displacement” for the S.H.P. 
correction. A noticeable’ discrepancy occurs when the points 
for the Jacob Jones vs. Chandler are plotted; and in view of 
the fact that the weather and wind conditions were unfavor- 
able at the time of the Jacob Jones’ standardization, it is 
believed that these points may be disregarded when they fail 
to agree with the other vessels. The difference, though slight, 
is largest at the low speeds, but no great error is re ian 
in the final results by neglecting them. BS 

For the Bath Hull, the following boats ranrent full trials: 
Wickes, Jacob Jones, Tarbell and Chandler, and at speeds of 


approximately 35, 30, 25, 20 and 15 knots, from which curves 


were constructed so that the data could be accurately obtained 


for any desired speed. From the Model tank curves of E.H.P. 


there was picked off the E.H.P. for each vessel’and each 
speed, given in Table TIT, Column 2; and for the same speed, 

from the data on official trials, the S.H.P. measured is given 
in Column 3; from Columns 2 and 3 was obtained the pro- 
pulsive coefficient for each vessel at each speed which is given 


in Column'4. The propulsive coefficient for each speed and 


for all vessels are assembled in Table IV and averaged. The 
average propulsive coefficient obtained is entered in Column 5 
of Table III. Using this average coefficient and the E.H.P. 
in Column 1, a new $.H.P. was obtained called the “‘ com- 
puted shaft horsepower” and entered in Column 6. This com- 


puted S.H.P. is based on the E.H.P., and on account of using 


the average propulsive coefficient, due weight is given to the 
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Dis 004 


beh: 
Wickes+1;142 Tons. 


ls 
‘(Comp.) 


299850) 
1,030 | + 


644 | 7,420 | + 


Tarbell—t, 163 Tons. 


| 


15,175 
3,210 
1,240 


| 


“564: 


0575. |... 


676 ; 


9.83 
6 


305 
7-93 


Jacob Jones—1,172 Tons. 


25) 150° | 
15,300 


» 624.1... 
pM 


|| 2,970" 


| 


Knots | E. H. P.|'S. H. P. | Coeff. ‘Di, Dit, 
13,860 | 23,950°| .579 + 0.63 | 
30 | 9,230 | 14,500 | .636. 280.) 1:93 | 
25 4:779 | 7,300 | .653 120 tig I. | 
1,795}. 2,700 | .033° | 225 8133 
15. 695 | 735. | .676 110 
35..| 14,100 24,600 | +. 10 | 
30° | 9,450 15,100 | (—) 75 (—) 
| 140835 
; 20 1,820 | 
15 | 700 | | 1. 
| 14,200 | (350! | (4) 74°30 
25 | 4,880] 7,500 | .65 0-93 
20, | 1,830 21950. | | +) 91967 
35 14,940 | 25,660 | 582.) .575 |. 26,350 | 2 
| 51085.) 7880 |/ 1646; |,..644 | shy 100}, 1.28 
20 | 1,900 | 3,140 | ,605 | .633 | 3,115 25 (33 __;80 
at of tevre er sub Roan offi 
7 
fo 
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No. IV. 
_Propulsiae Coefficients. 
Knots| Wickes | Jacob Jones | Tarbell | Chandler 
25 .653 .652 .618 .646 -642 
15 -755 2 +564 5595: -670 


‘actual efficiency of the machinery and to the operating con- 


ditions. A comparison of Column 6 and Column 3 gives the 
variation of the computed shaft horsepower. with observed 
shaft horsepower, and the difference is given in Column 7 
while the percentage. of error of this difference with the 
observed S.H.P. is given in Column 8. Columns 3, 6, 7.and 8 
are “reassembled for the different speeds in Table V so that 
a comparison can be readily made; and it will be noted that 
- the error is largest for the 15- and 20-knot points, but in no 
case is larger than that. which can be logically - attributed to 
‘instrumentaf errors. In actual fact, the true cause is probably 
- found in the method used in rufining the trials in which the 
vessel is ballasted so that the “mean trial displacement” is 
obtained when in the middle of the high speed. runs. © As the 
‘lowest speeds, beginning with the.15 knots, are first conducted, 
‘the displacement at this point is,.therefore, somewhat greater 
than the “mean trial displacement,” the resulting S.H.P. is 
consequently. greater. than would. actually be. obtained if the 
‘runs had been made at exact “ mean trial displacement.” 

~ With the.S.H.P. ‘computed and compared, we are: ‘now in 
a position to make the necessary comparisons and find the — 
true effect of the increased displacement. In order to obtain 
the widest range possible, the Wickes displacing 1,142 tons 
‘and the Chandler displacing 1,229 tons aré used, giving a 


‘change in displacement.6f£-97 tons. These ate given below in — 
Table VI, Column 3. - 
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TaBLe No. VI. 
Knots | 
Wickes (1, 142) Chandler (1,239) _ Diff. H.-P. Diff. 
S.H.P. S.H.P. (Comp.) |. S. H..P. (97) per ton diff. 
35 24, 100 26,350 2,250 23.2 
30 ‘14,820 16,280 15-03 
25 7,420 7,980  ~§60 5.7 
20 2,925 3,115 1.96 
15 “1,030 1,090 60 0.62 


The actual difference in S.H.P. shows an increase in shaft 
horsepower with the speed, such as could be logically expected, 
and this difference divided by the actual difference in dis-. 
placement gives the data for the curve marked“ Speed and 
S.H.P. per.ton difference in displacement”. on Plate I.- Know- 
ing the true speed, froin this curve can be obtained a factor 
which is the $.H.P. difference per ton difference in displace- 
ment. Knowing the difference between the actual displacement 
and the-trial displacement for that vessel, the increase in 
shaft horsepower is found by palling the ton difference 
in displacement by this factor. 

. The effect of change of displacement. ‘on oil consumption 
was analyzed on the basis that since the shaft horsepower 
increased with displacement, then the oil consumption should 
increase with the shaft horsepower developed. Using the com- 
puted shaft horsepower in order to eliminate. instrumental 
errors and the total oil per hour at the various speeds, the 
curve marked “Speed and oil consumption in pounds per- 
S.H.P.” was plotted from the data giyen in Table VII. 

From this curve, using the true speed, a factor can be found 
which is the pounds per hour per shaft horsepower. This 
factor multiplied by the total S.H.P. will “or the fuel con- 

sumption: in»pounds per hour. 
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Knots | E. H, P. | S. H. P. | Coeff. | Coeff.| (Comp.) | Diff. | . Diff. 
| 14,585 | 27,760 | .525 | .526| 27,700 | (—) 60 | (~)'0.21 
30 | 9,570 | 17,625 2543 | 17,650 (+) 0.14 
25 | 4,930] 8,750} .563/ .566| 8,700 | (—) (—) 0.80 
20 | 1,910} 3,525 | | (+) 5 (+) 0.14 
15 750 | 1,440 | .521 | .535| 1,400 |(—) 40|(—) 2.77 
Palmer—1,190 Tons. ist 

35, | 14,675 | 27,500 | .533.| .526 | 27,900 (+) | (+): 1.45 
30 | 9,640 | 16,900 | .570 | .542 17750 (+, (+ 5.02 
25 | 4,970 | 8,750 | .569'|.566 | 8,770 Ct) +) 0.23 
20° 11920 3/460 | 558.) | 31850 | (+) (90 | (+) 2:60 
15" 753 1400 | .537'| -535 1,400 ‘00 “00 


McDermut—1,225 Tons. 


35 | 15,136 | 29,010 | .522 | .526 | 28,750 | (—) 260 | (—) 0.905 
~ 30 18, .526 | .542 | 18,400 200 {=} 1.085 
25 | 5,156| 9,250 .557 | .566| 9,100 | (—) 150} (—) 1.650 
20 | 1,960 |) 3,615 .543 | .541 3,620 | (+) 5 ) 0.140 
15° 763) 1,480) .515 | 1,425 | (—) 55 | (—) 3.85 
Belknap—1,254 Tons. 

35, | 15,590 29,620} .525 |. .526 |. 29,500 120 2:42 
30 | 10,295 | 19,400 | .530 | .542 | i9,000 eo 400 | (—) 2.06 
25 | 51316} 9,270 | .573,| | 9,390 120 | (-++), 1.30 
20 | 1,975 | 3,780 | .523 | .541 | 3,650 | (—) 130 3.44 

770 | 1,360 | .565 | .535 | 1,440 | (+) 80 (+) 5. 


3 
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For any particular destroyer a more accurate determination 
of the fuel consumption.can be arrived at by referring to the 
consumption curves for the standard vessel of her class. But 
as it was obviously impossible to include all these curves in 
this article, an average curve based on speed was determined 
as being-more convenient and is given on the plates. 

Having followed through the method of developing the 
curves for the Bath Hull, there are given below the similar 
Tables VIII to XII for the Fore River Hull, with the curves 
drawn from: and. marked on Plate 


TABLE! No. IX 
Knots Bell Palmer. ‘|, McDermut, Belknap Average 
20. 542 555. 543. 523 541 
15 521 565 535 
TABLE No, X. 
S. H. P. P. (Comp.) | Diff. S. H. P. Diff. 
Knots|, Bell (1,182) Belknap (1,254) | (72) | per ton diff. 
> 30. 17,650 } 19,000 PE 1,350 18.75 
25 “8,700 9,390 690 
20 3,530 3,650 120 1,67 


15 1,400 -1,440 40 0.555 


To use the curves in practice, it is necessary to have the 
standard curves for the vessel of the class which was giyen 
full official trials, and.to know’at what displacement she was 
run, then knowing the R.P.M.. which the. engines are making 
and the actual displacement, all the remaining data can be 
found by following the procedure outlined below. 

(a) Using the “ R.P.M. and change in knots per ton dif- 
ference in displacement,” find the decrease in speed per: ton 
increase in displacement. 
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. (b) Multiply this by the difference i in —" 
wil give loss in speed. 199 

Subtract this from fon the: same R.P.M. 
on standardization; this will be the true speed. . 
Using the true speed found in curve 
marked “Speed and §.H.P. per ton: difference in displace- 
ment,” find difference in S$.H.P. ton increase in dis- 
placement.: 

(e) Multiply. this by difference i in) in tons, 
which will be the increase in S.H.P. 

(f) Add this to the S.H.P. gotten for the seeat opel on 
the official trials:; This will: be the S.H.P. required. 

(g): Using the true speed found in (¢) andthe curve 
marti “Speed and oil consumption. in per S.H.P.,” 
find the pounds per hour perS.H.P. 9. 

(h) Multiply this by the total $.H.P. paatarg in 2 (f). This 
will be the oil required in pounds per hour. 

illustrate: the above, the following. are worked 
out: 
““A”—For a vessel of the Tarbell RRS, making 353 RPM. 
and displacing 1,400 tons, find the true speed, S.H.P. 
Tequired, and the oil consumption. 
“For the Tarbell: 
_ 353 R.P.M, equals 30 knots; 
S.H.P. for 353 R.P.M. is 15, 180; “en 
Mean trial displacement is 1,163 tons : ‘ 
_,. Pounds oil, per hour (at. 30 knots), 13,875. 
O Using the curve marked “R-P.M. and change in 
_, Speed in knots per ton difference in’ displacement” 
(Bath Hull, Plate I), 
for 353 R.P.M., , the speed change equals . 0066: 
the difference in equals 1,400 — 
11638 = 287 toms; 
09066.X 287 = 1,564 knots; 
5.30, 771,564 = 28.44 knots, is the true 


OPP RE 
ifs 


¥ 
| 
‘ { 
i 
| 
+ 
} 
{ 
3 
> 
| 
‘ H 
| 
| 
| 
q 
| 
| 
$ | 
. 
‘ 
i 


88 INCREASED DISPLACEMENT wed DESTROYER PERFORMANCE. 


Using’ the curve ‘Speed: oH P. ton 
difference in displacement,” 
ofor 28.44: S.HiP; siflerence ton difer- 
ence 
8190 increase ; th 
15,180 + 2,790 = 17,970'S.H.P: 
(3) the ‘curve marked Speed and oil consumption 
in pounds per $.H.P.,” using 28.44 knots, we have 
‘pounds per hour per $.H.P. == 0.918; | 
17,970 0.918 = 16,496 pounds oil per hour: 
“B"+-For’a vessel of the Bell class making 353° R.P.M. 
and displacing 237° tons more than ‘on official 
trials, find the true: 6. the 
oil consumption. 
Hoe the Bell: 
S.H.P. for 353 R.P.M. = 15,380: 
Mean trial displacement 1,182. 
(1) Using Plate II, 
353 R.P.M., the speed change = = 00485 
00485 237 = 1.16; 
28.65 — 1.16 = 27.49 knots, which i is s the true speed. 
(2) Using Plate II, 
for 27.49 knots, the S.H. P. ‘difference per ton dif- 
ference = 14.25; 
14.25 X 287 8,377; 
15,380 + 8,377 = 18,757 S. H.P. required. 
(3) Using PlatelI, 
for 27.49 knots, the pounds per hour per S.H.P. = 
9. 939; 
939 x 18 = = 17, 610 pounds per hour. 
‘The comparison in the two examples i is interesting, showing 
in vessels of the two classes for the same increase in tonnage 
when making the same R.P.M. that the speed change is less 
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for the Fore River Hull, but the increase in its consumption 
is considerably higher on account of the greater horsepower 
required to drive the hull through the water. 

By the above comparisons, we ican state definitely that the ° 
effect of increasing the displacement is to decrease the speed 
and to increase the horsepower and the oil consumption. But 
no rough’ rule of thumb correction can be! used the 

amount varies. with speed and. with the increase in displace- 
ment; The correction within limits can be found ters 
the: curves. 
curves, the writer undertook to: predict the S.H. P. and oil 
consumption. of the Pruitt, based on the data in this article,” 

-The*Priatt was assumed to displace’1,210 tons, or’ 68 tons 
more than the Wickes; The predicted S.H.P. and. oil con- 
sumption in pounds are compared with 


SH.P, Oil, Lbs. Per Hour. 
Knots|. Predicted | Actual || Predicted Actual 
2,850. |. 3,000. 3,620 3,900 
2 15,000 17,150 | 13,650 14,195 
25,000 | 27,560 22,700 |. 23,999 


_The predicted results agree so closely with the actual that 
a commanding officer could have gone to sea with no data 
except that provided by these curves and: been entirely. safe 
in his speed and oil consumption for any cruise, 
‘In the same way a commanding officer leaving for a ctutise 
on a higher displacement than that used on the trials of, his 
_ vessel ‘can predict’ his’ speed and fuel consumption’ for that 
draft, and if other conditions are equal, any mage errs or n be 
laid to inefficient operation of ‘the plant. =~ 
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THE STILL ENGINE: 

- It is common knowledge, among those conversant with the i -com- 
bustion engine, that the greater. part of the heat available from the fuel 
is carried away in the cooling water and the exhaust gases. Some loss 
also arises from radiation, while, if, brake horsepower be taken as a basis 
for calculating the efficiency, friction must be brought into the account, 

Very little scope exists for reducing the losses by radiation and friction, 
but more or less successful efforts to utilize.the wasted heat in the exhaust 
gases were made many years ago, these taking the form of boilers in 
which ‘steam was monger f passing the exhaust through them,. while 
heated feed-water was derived from the-cylinder jackets. In large plants 
some 2% pounds of steam at 100 pounds pressure, per brake horsepower 
of. the engines, has been generated_in, this way. under fayorable. conditions. 
Assuming this steam to be used in an economical of steam engine, 
the additional power obtained would be in the neighborhood of 15 per cent: 

Up to that time the steam generated had been used either in separate 
cylinders or for heating purposes. In the Still engine it is employed to 
drive up the piston of the internal combustion engine, the cylinder bei 
closed in at the bottom, while the piston is provided with a rod whi 
passes through a stuffing box and gland as in an ordinary steam engine. 

Many years of patient research work by Mr. W. J. Still, and those asso- 
ciated with him, more particularly Capt. Frank E. D. Acland, have resulted 
in the engine which forms the subject of this article. Mr, Still-conceived 
the idea of going a stage further than using the jacket. water to feed the 
exhaust boiler by making a boiler. of the jacket. With the former arrange- 
ment only a small proportion of the water heated by the cylinder can be 
utilized; in the Still engine all the heat from the cylinder is usefully 
employed, excepting for a small percentage lost by radiation. At the 
same time the exhaust boiler is retained with the addition of a feed- 
water heater, the result ‘being that by the time the exhaust gases are 
finally ye their temperatures has been reduced from 900 to 150 
degrees F. below which point no useful heat is practically recoverable. 


ESSENTIAL FEATURES. 


, We will now describe the Still engine in detail with the aid of the sec- 
tional diagram shown in Fig..1.. Although this sketch, to some. extent 
depicts the actual form of a Still engine, it is mainly diagrammatic. The 
Still engine may be of either the two or four-stroke type, and can run 
on gas, petrol or oil; in other words, the principle is applicable to all kin 
of internal combustion engines. bg 
Referring to Fig. 1, it will be seen that the upper part of the cylinder 
and the piston closely resemble these parts in other internal combustion 
engines. “The engine shown is of the two-stroke type, in which, at the 
bottom of each stroke, scavenging air enters at one. side of the. cylinder. 
while the exhaust gases pass out at the other, through ports uncovered 
of the cylinder is to the combustion: o the lower 
being under steam tion: uel, the lo part 
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‘On the right-hand side of the cylinder will be seen an ordinary vertical 
boiler, fitted with a liquid fuel burner. So far as the principles of the 
Still engine are concerned, this boiler might be fired with gas or coal. 
However, as a matter of convenience, it would be fired with gas or oil, 


according to the fuel used in the engine... bahia 
tue STILL THERMAL CYCLE; — 
= 
f \ 

| 
2 \ 
4 ti 
G 
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The "Still engine starts on steam, raised)in the above-mentioned boiler. 
Once the engine is running, fuel is shut! off: the, boiler, in which steam! is 
thenceforth, maintained ‘by. the ‘heat from the cylinder and-exhaust gases. 
To make; the principles of the Still engine: clearer, a separate multitubular 
generator is shown’ in Fig, 1, through which the gases pass, and also 
through .a feed-water heater below the. boiler tubes,. to. be rejected finally 
at a, temperature of about 150 degrees F.. From ‘the, upper end. of this 
exhaust generator, the steam produced circulates with the water into the 
jacket around the upper part of the cylinder, which is, of course, full.of 
water. A steam pressure of from 120 to.150 pounds per square inch is 
maintained, soercepialing with temperatures between 250 and 366 degrees 
F. The heat of the cylinder. produces more steam, which passes off ..with 
that received from the exhaust generator to the vertical boiler.. Thence 
it flows through the pipes shown, to the underside of the piston, by way 
of the steam chest surrounding. the lower. part of the cylinder. Naturally, 
valves have to be provided for admitting the steam to the cylinder and 
allowing it to exhaust at the corfect times, as in an ordinary st engine. 
On the combustion side of the piSton, however, only a fuel-injection 
nozzle is required, the timing being controlled by the fuel pump, on the 
solid-injection system. : OF 
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With the comparatively high temperature of the jacket. water, the 
transfer of heat from the inside to:the outside surface of the: cylinder 
would be too slow if it were made of the usual thickness. To overcome 
this difficulty, the liner is made of one-third to a quarter of the ordinary 
thickness, but provided with numerous: vertical’ ribs... These are: turned 
on the outside and a steel barrel is shrunk over them, thus giving the 
necessary strength. 


SOME OF THE ADVANTAGES. 


Having ‘now,-deSeribed the working, we will enumerate ‘some ‘of the 
advantages of the Still engine which resultsin “the highest efficiency ever 


obtained. in any prime mover operated directly by heat. 4 


Not only is steam generated by the heat from the cylinder, but the 


hotter water jacket.which;-as-already stated, has a temperature of over 
350 degrees F, raises the efficiency ofthe internal combustion side of 
the engine, in addition to facilitating starting and’ making for feliability 

It should perhaps be explained that the principles of the Still engine, 
so far as marine prime movers are concerned, ate applicable in the. main, 
_ if not-exelusively, to Diesel engines of considerable power. | Most readers 

of “The Marine Engineer” will know that the fuel injected into a Diesel 
engine is ignited by the, heat generated’ bya compression ranging round 
450 pounds to the square inch. Even this pressure is not high enough, 
when starting a cold engine, and ‘itis only after the cylinder and piston 
have been heated by five or six successive compressions that firing begins. 
In the meantime, as many injections of fuel may have taken place, with 
the result that when ignition ultimately takes ‘place: very big pressures 
may occur. These pressures are imposed upen the working parts, which 
consequently have to be much heavier than is necessary’ to withstand 
the normal working strains. In a Still engine owing to the water jacket 
having been raised to.a temperature of over 350 degrees F. before starting, 
the air, while’ being compressed, picks tp heat from the cylinder walls 
during the process. It is therefore very much hotter when injection first 
takes place, and the fuel is ignited with certainty on the first up-stroke. 


In fact, it has been found by experiment that ignition will take place — 


with a compression of only 180 pounds square inch, but 300 pounds 
has been adopted, as within limits the higher the compression pressure the 
greater the economy in fuel consumption per H.P. ict 

It is interesting to note also that the operation of the steam side of 
the engine is more efficient than that in the usual type of steam engine: 
This is caused partly by ‘the hot jacket, but mainly by the hot piston, the 
head of which is in contact with the burning fuel. The heat of the head 
travels down the skirt to some extent also. After the steam is ‘cut off 
and allowed to expand, therefore, instead of partially condensing ‘as in 
the ordinary engine, it takes up heat from the piston, andthe steam 
develops more power than the theoretical maximum for saturated steam. 
Moreover, the process is beneficial to the internal combustion side by 
keeping the piston cool, so that larger diameters can be used without 
water cooling than for ordinary Diesel engines. 


STARTING, 


The Still engine is started under steam instead of compressed air, and 
maneuvers can be carried out for. an indefinite period so long as. some 
source of heat is applied to the boiler. 
Some steam is used in almost all motor, ships, and with the Still engine 
no separate boiler is required. 
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OVERLOADS. 


Still engine can’ be heavily overloaded if desired the 
tiquid fuel in'the boiler and increasing the amount of steam avail- 
able: For’ instance, an experimental engine of ‘the two-stroke’ type,’ with 
opposed Pistons; having a: of 22 


onde to 540 B.HLP. at 380 revolutions a. corres 
with mean effective pressures on the piston of 128.2 pounds for's combustion 
and 57.9 pounds for steam, total of 186.6 pounds; . | 


itl 


REFICIENCY.: 


‘the above shifeisl tin of. 40 | per ‘en 
the heat in the fuel'and the brake horsepower (including all auxiliaries). 
So far as the writer is aware, so high an efficiency has never before been 
reached, even in a four-stroke engine, A. figure often quoted as being the 
highest ‘has been recorded by Mathot in connection with a 300 H.P. four- 
stroke engine, this being 36 per cent. It is calculated ‘that; had’ this 
engine been converted into’ the Still type, the brake efficiency’ would ‘have 
been no less. than 44.4 per cent. 

It should perha' aps be stated that the highest efficiencies are not obtained 
with overloads, the 40 per cent quoted above having been realized with 
M.E.P. of 90 pounds per square’ inch. is feature is' well 

of this engine. 
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CONDENSING AND COMPOUNDING ON THE STEAM SIDE. 


» Tovobtain the est amount of work out of the steam, it is necessary 
to condense it, adding some: 12 pounds or more per square inch to 
the M.E.P. by: reducing ‘the back pressure below the on. the down 
strokes (due to the atmosphere) by this. amount. Condensing the, steam 
also greatly reduces its temperature, and thereb ty helps to gms the gn 
Only by compounding or adopting the triple expansion principle can 
steam at,120 to 150 pounds pressure be used to the best advantage. In 
multiple-cylinder. Still engines it is proposed to use one or more. 
as exhaust in to.the others. 


“A LARGE EXAMPLE. 


A number of “experimental Still engines built, by ‘far 
the most interesting is that being tried out by Scotts’ Shipbuilding and 
Engineering Co., Ltd., of Greenock. This engine’ has a 22-inch’ cylinder, 
with a stroke of 36 inches, which, is rated. at 350 B.H.P. for-a- speed of 
120 revolutions per minute.on the two-stroke cycle. There is no valve gear 
on the combustion side of the engine there being merely a spring-loaded 
atomizing -jet, which. is..forced..openat.the correct times by the delivery 
strokes of the pump. The exhaust gases are taken direct. to the ‘boiler 
furnace and not through a separate boiler, as shown in Fig. 1. In this 
engine the steam first por to°a_separate high pressure cylinder, whence 
‘the exhaust. flows to the underside of. the.main piston, which in this case 
performs the functions of-a low pressure cylinder, Scavenging ait i$’ sup- 
plied by a turbo-blower, driven by-an electric motor. To equalize the pres- 
sure for working with a single cylinder, the air is first delivered to a tank, 
whence it flows to the cylinder’as_r In multiple cylinder. engine 
this accessory» would not be requir Pumps for various purposes are 
mounted at the back end. ofthe crankshaft, these comprising ‘an air 
pump (for condenser), a boiler feed pump, and a lubricating oil pump. 

The steam valves are operated by oil under a pressure of 450 pounds 
per square inch, for which service. another pump ‘is. required, but this 
arrangement is simply one method working the valves. Eccentrics, with 
link motion, might be used as in the ordinary marine engine, 

Reversing gear is fitted, and both the steam and internal combustion 
sides of the engine are maneuvered by one hand-wheel, This engine has 
been adopted by Scott’s as a standard unit, and will be built with any 
number ‘of cylinders from three to eight. It is interesting to note that the 
—— wall is only $ inch thick, against at least 2 inches in the ordinary 

iesel engine. 

For testing purposes, both a Froude brake and a dynamo are coupled 
to the crankshaft. Unfortunately, test figures are not yet available, but a 
consumption of .36 pound per B.H.P. hour, including auxiliaries, has 


GENERAL CONCLUSIONS. 


‘No doubt many will contend that the accessories for he's steam side of 
the engine make the Still engine a yery complicated prime mover, But it 
must ge remembered that neither air compressors nor valve gear for the 
combustion, side are required, Moreover, the advocates of this engine 
claim that in spite of the steam accessories, the engine is lighter and takes — 
‘up no more. space than the Diesel type of simile wers and 

8,, this. being due to the higher powers realized for otlig tt te 
imensions, and the comparative lightness of the parts, owing 
elimination of excessive pressures at starting. 


Sections of The American Society of 
the Ameri 


NOTES. 95. 


From whatever a the engine is considered, the of 20 to. 25 per 
cent in power ona given oil consumption, together signs the big overloads 
available, would seem to far more than justify = extra gear. 
invaluable feature also is the engine’s ability to turn slowly on steam for 


any length af The and Naval 
1921. 


THE. RISING’ IMPORTANCE, OF OILINJECTION ‘TYPE. OF 
INTERNAL-COMBUSTION ENGINE. 


A ‘Savy of the Development of the Internal-Combustion Engine From 
shy Engine Operating.on, Any. Form iqui 
Fuel Without Shock. 


By Cuartes E. New York, N. Y. 
_All engineers are interested in’ the internal-combustion engine, wwhntiier 


directly concerned with its development or not, because it does stand for 


the highest efficiency in the transformation of heat into work.’ It is the 


‘most efficient prime mover with heat as the source of energy. Its promise 
of high efficiency on fundamental Loire is very old, but it is only within 


the present generation that hope become’ even an approach to reality. 
Commercial, success has become real’inmore and more fields of use and 
application all the time, and today we are able to appraise the situation 
as never before. 

Mei ag period the steam turbine has gone through its own period 
of development, and at this time when its limit of efficiency is in sight, 
the internal-combustion engine is. actually twice as efficient, with the 
promise of more to come, in engines of good design and as favorably 
yagi Even with poor design or unfavorable conditions of operation 

ernal-combustion engine as to efficiency is Practically as good as the 

best steam turbine of very much larger size, 
ens merge 3 these facts, it is not difficult to understand’ the real and 
continuing interest in this problem of commercializing the internal- 
combustion engine. At the same time it is not at all clear just why it has 
developed along certain lines and not along bi eb Development along 


-gas-engine lines—engines burning gas—has been a disappointment, and 


taking the world as a whole, the gas-burning engine has not been much of 
a financial success. 


In spite of ‘such a however, the internal-combustion 


engine has gone ahead and is t y becoming a dominant, if not ‘the 


dominant, new factor in tPaninbttation: Where it has failed in stationary 


‘practice with gas as a fuel, the reason is to be found in its high first cost 


and maintenance charges as against the low first cost and maintenance 
charges of the wheiheastine plant, which factors do not’ equalize through 


‘fuel saving unless the fuel cost is bint hig per unit and the load factor 


also high, conditions which have not ly obtained. On the other hand, 
in the transportation field the li tid-fuel Boscom are the ones that 
have come into favor one ode ir peculiar ors corer and the impos- 
sibility of competition by the fixed steam and hydraulic central stations 
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on land. Even on the sea we find the motorship making very substantial 
headway against the steamer equipped’ with our most modern: turbines... 
RISE OF IMPORTANCE OF LIQUID-FUEL .DEVELOPMENT IN THE COMBUSTION- 
This phase of the problem—the rise of importance of the liquid-fuel 
development in the combustion-engine field—is worth while analyzing. 
It, is: important: for all engineers to know. something about the. business 
and problems of others, and on this assumption there should be general 
interest in the story of the adaptation of the internal-combustion engine 
to the uses of liquid fuel, so as to aid in the adaptation of the engines thus 
developed to transportation by the motorcycle, the automobile, the motor 
‘truck, the ‘tractor, the’ railroad car or locomotive ‘on land, by aircraft, and 
on the water by the motor boat and the motorship—in addition to certain 


The first successful commercial machines of the internal-combustion class . 


were gas-burning engines. While they have now sunk into a condition 
of more or less commercial insignificance, they, have left behind a useful 
influence in that they ,have taught certain lessons that are of value. in 
solving the problems of liquid-fuel adaptation. 
The first lesson taught by the gas-burning engine is, the higher. the 
efficiency, the higher must the compression be. . That is as it should be on 
thermodynamic Ground, and, experience. has. amply demonstrated the 
‘walidity of the theory. .The second lesson is, that in addition. to high 
compression, high is obtainable only. if combustion is. carried 
out in a correct and proper manner as to timing and rate. The gas- 
burning, engine has also demonstrated. that.to get the maximum results 
in both power.and efficiency: it,is .equally necessary that the fuel be. inti- 
mately and. homogeneously. mixed. with.the air throughout, its entire mass, 
and that the cylinder be, fully.charged| with that, kind of mixture. oh 
In. addition. to these .principles.of combustion for transforming high 
percentages of heat.into work, the. building of. gas-burning engines has 
established many basic principles .in. the structural problem, .To make 
cylinders, pistonsand heads that will not crack isnot as easy as, it, would 
seem, but taking the experience of the world at large, it can be said, that 
reliable means of avoiding cracks have been. devised, : 


. In the adaptation of liquid,.fuel there are certain special. problems that 


aye .to, be faced that didnot exist with the gaseous-fuel. internal-com- 
bustion. engine... The two principal: classes of problems. are in the, fuel 
itself and in the special type of service to be met. It very early. appeared 
there could be no such thing as a universal liquid-fuel engine 
for gasoline, kerosene or fuel. oil, or equally good for boats. or automobiles 
or aircraft, There might very well be an automobile engine, or a motor- 
ship, engine, or a, tractor engine, or. a,.railroad. engine, ora. stationary 
_electric-lighting-set engine, but each must be different. 4... 
this adaptation that.occupies. most..of..the period, of development. 
To study, the fuel phase.of liquid-fuel adaptation, fuels. must. be, divided 
into, the two classes that are now found. commercially but .which division 
originally was not so clear... The first class includes, fuels. that are. suffi- 
ciently volatile to. make a more or. less homogeneous and gaseous. mixture 
with air by passing through so.simple a device.as a carburetor, which: is 
similar to the older air-gas mixing valve of all gas-burning engines. 
‘second. may be termed. the non-volatile class, and. it, includes, anything: that 
cannot be used in such a carburetor with or without heat, but which 
‘requires a dévice that must be built into part of the engine structure 
rather. than a device or attachment to what would otherwise .a: gas 
engine, thus initiating the injection Oifengine. 
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Dhe-really difficult: problem: of 
is realized that the fuel availablevis) no: longer: volatile:,enough to, make 
the <desirable homogeneous: mixture, ' but ‘not: yet ‘bad: enough to. require 
an injection engine, Before getting down to the problem of» the: injection 
engine proper, however, it is desirable to: analyze some of the: difficulties 
encountered ‘in ‘adapting: the ‘gas-burning : e ite: of: 
"to: light, then to. 


DIFFICULTIES ENCOUNTERED IN ADAPTING THE GAS-BURNING ‘ENGINE 0 ‘hem 
AND THEN TO HEAVIER GASOLINES, 


The first principle of maximum ‘coimgression cannot be carried as far 
as is desirable because the ignition tem re of these gasoline mixtures 
is lower than that of the gases forming the bulk of the fuels for the 
more efficient gas-burning, Furthermore, the temperature of the 
mixture before compression “fio“longer under the complete control it 
used to be with cold gas, ‘anid.the t rature at the point of ignition or 
when compression ends is a much a'function/of the temperature before 
compression begins as it is of the amount of ei sure rise. 

The conclusions reached in. gas-burning engine practice with regard to 
mixture quality, ‘homogeneity, intimacy, are all verified 
In proportion as sible ‘Of mixture attained ve 
volatile air measure.of the 
it both fall off as a volatility fa , and with the gasoline we fg now 
using only vaporizes in the intake passage 

"The other half wilf not rize is’ cafried’ along’ in three’ diffrent 
‘States: a8'a film ‘on the balls, such as rain’ ‘will form on a ‘window 
pane! (by ‘as? a? fog | that’ floats? ‘and as a'tain that is falling “or driven 
‘by the’ ait carrefits. “A fog turns into ‘rain, the rain’ makes films and’ the 
‘action canhot ‘go far before the°fuel is all wall ‘film. ‘No ‘amount of ‘inge- 
nuity with devices such screens, ‘haffles atid ‘paddles ‘can ‘prevail; ‘because 
these cantiot overcome the laws of liquid flow and’ vapor presstire that ‘are 
‘operating.’ This isa problem of' serious importance, because’ if the’ unva- 
‘porized ‘liquid: fuel gets into’ the ‘cylinder ‘and ‘strikes a hot ‘spot, such as‘ the 
head, it wifl''vapdrize’ there ‘locally: ‘and ‘will’ form‘ ‘on’ the “piston 

ead a “pancake” of vapor that will have displaced the air and not be 
mixed with it. This whet ‘combustion takes place above it, is simply 
heated to. decomposition temperature, afd and, thoug 
actually not urning ouls up the, engi its 
‘operation with a,loss of. fu 

If the unvaporized. fuel’ the eytinder’ a cold 
‘wall, it will run. down past, the piston into the, ail, 
fuel is mainly kerosene and the lubricating. off is. also a 


troleum product. They are mutually soluble’ and as 
disappears, The. mixture is no longer a 
tt as the H thing 
‘ings and ins, as well as piston pins, How can ese nings 
appening?.. Unless they are prevented, the engine is no 
To commercial 
courses of action are ‘Open. “The first i is “to, heat the mixture as 
leaves the carburetor, and. ‘thereby raise the vapor pressure to. a 
‘where in a, 15 to 1 proportion there will be a. yaporized-fuel and. air 
ixture at the minimum possible temperature and a pressure of one atmos- 
‘phere. “Tt_may be said, therefore, that a moderate of heating is 
and: possibly. a to ely. the. mixture 
if the gasoline is Pot too. ut complete ing tor rosene 
ture ia Gain will be af hat ‘also a loss, and loss will over- 
balance the gain, and the apie: must be abandoned. 
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e crankcase and destroys the lubrication. of 
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» ‘The next: mode: of attack is to try to handle the mixture with some of 
fuel liquid. ‘To handle a wet: mixture means really, in the modern 
omulti-cylinder ‘to distribute the stream of liquid).as it. runs)a 
‘on’ the inside’ of the pipes, to four, six,or:more’ branches, giving to ea 
‘the ‘same amount of liquid in order that-all cylinders:may work the same, 
‘assuming the liquid will be vaporized or sprayed :as:it enters each -cylinder. 
To this it is necessary to:know how: the iliquid moves; Imagine 
the liquid coming: up the side walls of the riser and approaching a bend 


_forms a. very substantial lump at.A, just beyond the turn, and on 
bo inside of;the bend. Films collect, at, the: outside of, the bend, ‘but the 
velocity of the air-vapor mixtur so that the 
hud, around the bend: to the point of least,velocity..It is really the 
of; the, stream of air that the plug of liquid reveals... 
Therefore, if, the. gasoline is not, very, heavy,,then,a moderate. heating 
$0.as to, av ition, an erate heatit 
‘he of me rest, OF i 


result "of ail’ this “is ‘that’ ‘gasoline “car urétor 
‘approaching a crisis in its history that is going to force capt use 9 eit 
remedies, The remedies now being considered are ‘as “follows : 
First, the elimination of the manifold’ entirely. “This will si away, ‘the 
distribution problem. and ‘will permit’ the feito of the liquid as a liquid 
its air into the cylinder directly. nozzle spray. 
a fot much vaporizing, becatise properly forming the ‘inlet 
its. passages’ a combustible mixture will be formed as 
the charge enters the cylinder, “This, met oa has proved to be sheceantal, 
‘and it is now, the standard in usé for. all fatm and most tractor engines, 
several huridted thousand of which are ‘made ‘every year, burning kerosene 
without any mixture heating whateyer beyond what. is incidental to suction. 
Lubricating-oil contamination still is trou lesome,, and all such 
‘suffer from. it to a greater or, less extent. .To minimize this the cylinder 
‘lubrication ‘must ‘be kept Separate from that of the main bearings an 
crankpins. ‘With admission of thé mixture, poorly yaporizs 
directly to ‘the cylinder, ‘good mixtures ‘can. be made without reduction of 
it is *actuall increased ‘by ‘adding water, This allows 
the water to, enter. the tinder as a's as the does, 
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“atid by reason of its thermal, and: 
compression can’ be raised ‘so = some: or 

"Phe: second ‘remedy change the volatility of: the: gasoline 
“ture with another and’ more’ volatile: fuel... By properly selecting the things 
‘to be ‘added to’ the gasoline, it is: possible to: not only ‘improve: the! :vola- 
tility, but at the same time ‘raise’ the ignition point:: Experiments a 
benzol-alcohol-kerosene mixture ‘at Columbia University have: yielded truly 
judged by ithe possibilities: of the future. It! is: amazing 
to what extent compression can be raised on a‘charge ‘of gasolinev'ready 
-to 'preignite’ normally, ‘with’ ai minor added. This ‘also 

‘PRESENT 'MOTOR=FUEL PROBLEM!) 


The third remedy—and this.is the: radical thing—is to abandon the 
mixture, entirely and take up the injection, engine. The abandon- 
ment of buretor engine, or the complete premixture engine, is a 
that. would solve the present. fuel problem as. we. hear of it, and 
that fuel problem is real problem. America is today facing a 
in. its liquid-fuel supply that is one of, the most, serious things that has 
happened, industrially. This co has_reached the point where. imports 
exceed exports. That means.a real. shortage. It is due to the motor-car 
and allied demand. , Its direct effect is. increased prices for those volatile 
constituents, that are in greatest demand, without. a..corresponding 
increase. in. price, for such residuals as.are not in demand. A. switchover 
the carburetor engine, equires light distillates, an 

of and, of a, kind, hich, is 
tO: atility, operating wi 
d mean that th the automobile industry would Su 
step cannot be taken suddenly. It is a difficult job, but it is possible to 
be lain the difficulties and to ‘state the progress,.that. is..being ‘made in 
solving them.-Net only, is: matter of interest< but 
it is a matter of national i mporign 

In case of of a suitable injection e the 
problem of gasoline shortage; disappears, because the injection /eagine can 
handle any petroleum distillate, any coal-tar product, any alcohol or similar 
fuel, subject to the one nt that it shalhtbe.of»proper fluidity to pass 
the pump valves and sp ly at the opray orifice: If/a fuel is not 
naturally of high fluidi P therk i ig not cannot bemade of proper 
fluidity by adequate héating. tempe: ture of heating; however, must 

not be carried so-far as to ¢ause a 


INGTON, “AND “CARBURETOR ENGINES COMPARED. 


The ‘nigntioncandinn: compared. with the carburetor’ engine, ‘not only 
makes engines. independent of the grade of fuel (there is only one require- 
besides. its. that: there, will 

-only:,air, and. that. after..compression: shall the 

f-choosing, the:timeinf injee- 

= compression may. bé,.as, high, as pleases thei designers) There: is 

Consequence -the engine f 

of Sn Ae ency, and those possibilities are attainable, and attained. © 2011! 
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Another difference: found between the injection and the carburetor engi 
is thatedue to the difficulty, ini making the fuel reach all of. the air, With 


the gas-burning engine and with the carburetor type of volatile-liquid-fuel 
engine, a mixture is made externally and every. part is actively combustible, 
-so that there will be the maximum. possible work. per cylinder charge 
‘given compression: and shape of combustion: line. Wath the injection 
engine there are»certain real advantages, as pointed. out, but if after com- 
pression of the air, charge the: fuel is quickly thrown. in, it will be difficult 
tosreach:all lof the air in: an unfavorably shaped combustion chamber from 
a single point of injection.» | moo 

There tiust)»be a means of. spraying the oil into.a charge of dense air— 
air of a density. up.to:30) or 40 atmospheres+-means of arranging to get the 
injected fuel in contact with as much of the air as possible, and: means 
of preventing the delivery at any point of any considerable amount of 


fuel that.cannot reach air, because in that case carbon will be formed and 
smoke produced which will choke up the engine in: time. ; 
nobusds 0) THE TWO (CLASSES INJECTION ;ENGINES.; 0) 
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Fro. 2 Insection On, ComBusrion , 
shown in Fig. 3, carries the ‘air to a higher compression’ pressure; 80 a8 
have it not only as hot as the ignition temperattire ‘but somewhat hotter. 
This will-give°a non-explosive ‘combustion substantially constant’ pres- 
‘sure according to the fulf line, ‘but if combustion be carried out’ impert 
fectly, or deranged injection’ of combustion, it may’ produce 
explosive shocks as at A‘ or''slow burning ‘as at’ B accordi the 0 


‘injection engine ate divisible furictionally into’ two classes.’ The air must 
‘always be compressed. ‘It ‘may be compressed ‘to ignition 
‘higher, so that the fuel as injected into its ignites immediately and burns | 
‘as fast as’ it gets in, the rate’ of’ Combustion ‘being ‘the ‘rate of ‘injection 
‘and controlled by ‘mechanical means. On ‘the’ other-hand, it’ may be com- 
‘pressed’ not to’ ignition but to less than ignition temperature, 
and then the fuel injected suddenly to form an explosive’ mixtute which 
will burn’ as’ nearly instantatieously’as may be.” This gives us two classes 
of injection engines. ‘The ‘first, ‘the ‘correct’ ‘of which’ is’ shown 
| 3 in the indicator card of Fig. 2in full lines, ‘is explosive in type, and if 
the ‘combustion’ is ‘imperfectly carried ‘out there may result explosive 
shocks as RY A, ot slow burning as at’B' in. dotted’ lines ; the other, 

noiseiat sit. sansosd to msidotg 
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“Each of these: two ‘classes is subject to certain derangements or diseases 
jar toa: given mechanism,’ but’ comparing the two properly’ adjusted,’ 
iow do they ‘stand with reference to each other?) ‘Is' there any, great \choice, 
any reason why the advocate of one: should call: the advocate:of the other. 
wrong?) Not at all. Each is: justifiable! the» grounds efficiency)» 
power and practicability, so that the real problem boils down to one of 
mechanical questions of relative cost, reliability, foolproofness and adapt- 
ability to service conditions. The. two are related in this simple manner 
as to efficiency. “If the compression of fhe’ first with explosive-type com- 
bustion is about “half the compression of the” othér- burning ‘the fuel at 
substantially, constant. pressure, their efficienciés_aresubstantially the same. 
In the former’case, if an explosive-mixture is*to be«made, the*compression 
must be kept-X degrees ‘below the: ignition value in order to keep it under 
control, amd in the other case Ydegrees above ignition temperature to 
insure prompt ignition after injection: 

Assuming the exponent’ in the equation. PV" = C to havea value of 
1.4, it appears that 150,pounds compression. will produce the ignition tem- 
perature of kerosene (998 degrees F.)- if the initial temperature isa ‘little 
less than 250 degrees F., and if an explosive mixture is tobe formed and 
not preignited, a margin of 100 degrees below ignition will be attained 
with an initial temperature’ of: somethitig- urider’ 200 degrees and a margin 
of 200 degrees with: about:175.degrees F. initial... For fuel:oil having an 
ignition , temperature. of, .1,070 degrees; F...the, same, conditions will be 
brought about by the same compression when the initial temperatures are 
300 degrees F., 250 degrees and 200 degrees respectively. 

_ On. the other hand, if the air is to have a safe margin of temperature 
over the ignition value before compression, ‘highér compression or’ higher’ 
initial ‘temperatures are’ necessary, For solid-injéction sprays it is gen~ 
erally’ a8sumed that 200 degrees‘ margin is safé'and for aif spraying 
degrees margin. For the latter case'a compression of 450' pounds is ‘pretty 
generally adopted, and this will be secured witha ‘littleover' 250 ‘degrees: 
initial’ with kerosene and a little ‘less than 250 degreés with fuel ‘oil. 
Solid-injection’ ignition may be ‘produced ‘with’ equal’ reliability ‘with Jess: 
compression, or with lower initial ‘temperature, 
METHODS OF SPRAYING FUEL EMPLOYED IN INJECTION ENGINES, 

The’ first mechanical problem’‘in contiection ‘with this injection engine 
is that of making the spray, and-one might’ Say, in ‘away; that ‘the building: 
of the engine’ begins with the forming’ a: chatiber: around ‘spray. 

The simplest ‘way of making a spray nozzle,’ introduced by the first suc-’ 
engine which’ was’ brought here from ‘England—the’ 

Hornsby—conisists “in drilling a hole in plate.” Throngh ‘this’4 

projected ‘ which ‘strikes the’ ‘wall, a spray being “formed by splashing’ 

(Figs 4). ‘the hole is reduced in size? or if’ supplied with’ oil ‘under 

much' higher’ ‘pressure, ‘the’ oil’ will ‘move’ proportionately’ ‘more slowly ‘on’ 

the sides as compared with the center, and finally the entire Jet will expand 

essential ‘characteristic of such a spray strong ‘penetratio ‘power. 
What ‘is necessary, however; is’ some’ means of spreading.’ ‘This can’ 
secured by multiple holes (Fig. 6). It can’ also be'sécured ‘by nsitig slots’ 
which are normally ‘closed but which are opened’ by the’ oil pressure deflect~ 
ing the’ metal.) Spread ‘can’ be’ secured” single spray orifice 
by giving the oi! back ‘of the orifice a rotaty motion just as in’ the mechani- 
cal atomizer ‘oil ‘burner developed’ for ‘the ‘Navy (Fig.7)!' Here the 
oil grooves‘are'atranged to deliver tangentially into @ smiafl' whirl’ chamber: 
A, so that the oil in the chamber will have ‘a’ rotaty motion? a¢ also’ will’the 
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oil issuing fromthe: end ‘of: they orificesB at the outlet from: the ichamber. 
If the orifi¢e an -area:many: times’ greater'than the.area: through: 
these: grooves, there »will be no ‘residual pressure in! the chamber 
in this case with sharp edges spray will issue ina hollow cone form, : 


spread ‘with little. or no however, oxic B narrowed 
down so that it is smaller than the grooves in area, there will,be. resid 
pressure .in the whirl chamber A, velogity also, .and_.: 
cone. spray’ becomes. narrower..and_ soli spray then have ,less 
spread.and more penetration, 

In addition this method of spraying the is the. 
spray This, in. its, simplest, form .(Fig..8). consists: Wath 
liquid fuel in the air above the, fuel, a,small hole. 
in the side at or below the oil level. As the air escapes through the hole 
there is first a. depression of the liquid right at the point and the liquid is 
carried to the orifice by the air flow across its surface and blown out, 
being. sprayed, by the higher velocity of Ling air,., Puch a spray is fine and 
hag: good penetration, but not much 

A. modification giving somewhat. better control is shown in Fig. 9 
which | has a depression. in. the. passageway at A, in which the fuel is 
deposited as a pool. A deflector over the oil directs the air down, and. 
across its surface,.The air. in motion will,tear the . liquid. off from. 
the surface and, this may. be delivered to. the,cylinder in a, narrow cone, 
spray through a contracted orifice A, or through multiple orifices as at B, 
to get an adequate: spread, This form is the so-called. open air spray”. 
of the Diesel engine, 

Next there is the so-called closed air-spray “valve,” in which. a valve; 
seats on the outlet of .a passage as in Fig. 10, and which when lifted 
allows the air to. flow....The. oil. is ‘by the into the passage’ 
and spreads out on plates usually, provided with .holes,. grooves, or. ,slots. 
so as to offer.a large amount.of, surface to -be wetted -by..the.oil,. which. 
can be blown off. gradually. jand: delivered. as: spray. through. a. single or: 
-multiple orifice A.. Such a, spray has a narrow. angle, strong penetration, 
and little spread except as may result from. impact and. rebounding...‘This 
is the most.common. air spray of the Diesel engine. more. spread, 
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For any given fortn of-spray, airor solid, there must. be iavsuitahle com-, 
bustion-chamber ‘form, or: given. form ithere 


air)» valways: ther: ‘possibility’ setting ‘turbulence or: internal, air 


one that, is most used commercially—the 
tga j Grooves. is iy bls 
SN it 2 ag 


is ‘sufficient to’ ignite an ordinary oil, enough ‘more to’ be above, 

ignition temperature all’ the ‘time. Such. “ehgines ‘are’ not tated at’ 

70 pourids brake‘ mean effective pressure, but are capable’ producing’ 

over 100 pounds if the metal can ‘stand ‘the intense heating. “A fuel 
tion of’ from 0.4 to 0.45 pound per B-H.P. per hour is star They. 

are built in ‘all’ ‘except very ‘small: sizes with cylinders to about 36. 


inches diameter on d and mean pressure. 
size is limited by (eta ‘heating ‘conditions with’ tendency 


N Mechanica Tianing 
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crack the metal obtain) for large gas engines.. ‘The air-compression 
_ Diesel ‘engine successfisl use} known;: for both :stationary 
and ‘marine purposes, and is the standard oil engineinuse for large ships. 
Certain fimitations of ‘the air-injection Diesel: engine: make it »unsuitable 
as a substitute for the gasoline engine. It cannot bei made‘to work: with 
cylinders of too small a size without abnormally high compression, because 
of the cooling conditions’ that: exist'during compression, and in the smallest 
practical size itis too expensive and too complicated. _The control of the 
air spray is peculiarly delicate!’ The air for it must ‘be provided by an 
attached air’ compressor, and’ it réqiiires pressure’ Of ‘never Tess than 600 
and often 1,300 to 1,500 pounds per square inch, Such a compressor small 
enough for the purposes of an automobile is a mechanical absurdity. The 
particular field to which the air-injection Diesel is not at*all adapted, 
therefore, is that of the small-cylinder high-speed engine, and that, in the 
internal-combustion market, is the biggest field of all. ger 


DESIRABLE FEATURES OF SEMI-DIESEL ENGINES). 

To-approach the problem of the small injection engine, what is available 
as @ ‘starting point?_.The nearest thing is a type of engine that has been 
- on the market for some, time.and which is commonly known as the semi- 
Diesel. ‘These have a feature particularly attractive inthe small-engine 
field that of. operating: with. so-called “solid-injection or airless spray” 
that eliminates the. air compressor and the delicacy of adjustment of an 
. air-spray valve system. They are simple, but do not operate nearly so 
- well as the air-injection Diesel engine. |One feature of, this class is hot 

metal;which-plays in thesé engines the ‘function of more or ‘less vaporizing 
the fuel and also and mainly that of ignition. This hot metal, when an 
external wall, is always a fire risk. On a ship it may be serious and in 
many buildings it is prohibitive. A hot-metal combustion chamber 1s prac- 
tically an auxiliary’ pressure-enclosing wall and théreby constitutes an 
element Of some danger of breakage. The temperature of the hot metal 
is difficult to control within proper limits, and sometimes impossible: ~~ 

These semi-Diesel-engines of hot-bulb, plate or tube pattern cannot be 
described in-detail because of lack of space. They differ from each other 
mainly in the hot-metal form, or location, and the combustion-chamber — 
shape . with. reference to oil-injection. An unjacketed cap A (Fig. 11) 
more or less hemispherical, closing a water-jacketed chamber connected 
to the cylinder by a neck, with an oil-injection nozzle B arranged so the 
_jet strikes the hot-cap to'produce ignition by contact, is typical ofa group 
of engines that started with the Hornsby. i 


COLD-WALL EXPLOSIVE-COMBUSTION SOLID-INJECTION ENGINES, 


As a result of a fairly general knowledge’ of the ‘conditions ‘stitrounding 
these so-called solid-injection semi-Diesel engines, attention has been 
directed toward substitutes that would have some of the good qualities 
they, had—sim icity, cheapness, foolproofness—as well, as the good prop- 
erties of the Diesel—cold walls, ignition by compression, and, cleaner;com- 
bustion with greater, independence of fuel quality; 
cold-wall engine are. directed, along. both, lines... One..is, the explosive- 
combustion engine; the other, the. non-explosiye-combustion engine, Co 
wall ,explosiye-combustion , solid-injection, engines, are , comparatively, ,new. 
The British, Crossley. (Fig.:42) has, a, piston witha, conical end, and a 


a 
1¢ cylinder head.is completely water jacketed. 
the, piston approaches the Read, A. will, pass; the corner. 
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of the cylinder head) at which time the‘air in the annular space: B is 
trapped: This projection is’ a loose but not too loose, so that. during 
time ‘itis passing into the head bore’there is a violent annular stream’ 


ring as 


S218 
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An, American representative of the same.class,of engine found. in, the: 
Price, construction (Fig. 13),| which. works. differently .and::in,. which the. 
into a conical. combustion chamber .A on; each. side. of a central cylindrical, 
chamber B, up which a gentle air current rises during compression. This 
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bustion chamber and back: along center.” Into that! ‘stream of. air is 
injected ‘a ‘fine spray’ of that is’ instantaneously ignited, bil 
fast as oil and air’ come together.”:The combustion is explosive’ ‘in ‘type 
unitenoish & 4) pression nigns 
“Oil Inyectron 
Fic. 11 Hornssy or ComBusTion CHAMBER 
Fie. 12 Crossuzy Corp ComBustion CHAMBER . 
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serves help; mix: the fine, spray, with ing, the last, of;, the 
compression stroke... ‘Compression is adjusted. so that the ignition tempera- 
tureis reached just before the! end, and. as the air charge before com- 
ression' is cooler at; no.. than at full load, the. misfres, that. would, 
ppen, due to failure to, reach ignition temperature, are prevented by..an 
air throttle having the effect of retaining enough, hot. burnt products to 
avoid misfires. . Should, the: air, charge get.too hot,from any cause, the 
whole charge might be ignited everywhere at the same time, before com- 
pression was complete, producing a detonating combustion with explosive 
Later injection would correct this if the charge were hot enough 

or compression high enough and.make the action like that of the Crossley 


engine, where timing of injection is depended upon to prevent detonating — 


shocks, .as is spark timing in nfixture engines burning gas or gasoline. 
These engines aré real modern improvements. They can, with a com- 
paratively moderate compression—200 to 250 a fuel -con- 
sumption that is. substantially equal to the Diesel with its 450 pounds 
compression, but they must deal with a real difficulty. The combustion is 
essentially explosive combustion in fact or in type, and with explosive 
combustion not correctly. timed—a little too ¢arly or too fast—detona- 
tions, either régularly or intermittently, are almost’ sure to occur. The 
shocks due to these detonations constitute one of the objections, and this 
has led\ other designers and investigators to devote their attention to a 
new class-of-solid-injection Diesel engines with non-explosive combustion 
in cold walls, the attractive features of which are less or no tendency to 
détonate, greater ease of maintaining correct combustion, and equally good 


SOLID-INJECTION DIESEL ENGINES ree NON-EXPLOSIYVE COMBUSTION IN COLD 
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An early attempt to eliminate the air compressor from Diesel engines 
was made by the German Haselwander, as shown in Fig. 14, which is 
practically a Diesel engine with air injection, but without a compressor. 
An open type of air spray is combined with a piston construction embody- 
ing a cylindrical projection A .that traps: ait ace B, A.passage C 
leads this air around to the spray.nozzle. The eat of the piston’ super- 
compresses part of the charge of air, driving it over the fuel and causing 
it to deliver a spray into the cylinder. The difficulty is that there is no 
control of timing; Any change in the leakage’ between ‘the. piston pro- 
jection and) the walls-changes the timing, while carbon causes°a binding 
action. There is also a-tendency toward reverse. flow on the outstroke. 

A modification of this engine designed by..Trinkler and built by the 
German firm of Kértingis shown in Fig. 15. Trinkler added a small 
piston A in a’ cylinder*connected with the main cylinder at both ends. 
Just at the right time the piston A was moved out by a cam control so as 
to force air from the:back end through the passage B to the spray nozzle. 
This little auxiliary piston A furnished the charge of supercompressed 
air for spraying the fuel, and it was timed like the old make-and-break 
ignition. of the gas engine, ..The objection to it was, that it tended to stick 


n Hoflinger’s proposed engine, Fig..16, a small. 

a piston. projécts into’ the for oil is con- 
nected below the piston and before the fuel is wanted it is deposited 
the’ pump in‘ that cup or bottom end of the small cylinder, Just’ when i 
is waited a timing cam drives the piston’ down, compressing ‘air on’ top 
of the fuel charge anid expelling both through holes A in the side as ‘an’ 


air spray. So far as is’ known, this engine has not been built, but it is 


cylinder with 
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one: reported from Detroitoby with special reference: 
to use for automobiles. This: has fuel -feed,: but 
with connection: to) a ti an vauxiliary cylinder: with: a 
piston.,» The «piston> of: isi mepldced ran dent: 
descends, the valve opens by cam movement and the charge of air is 
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beers i 
“Finally the simplest of all i in this’ and the one that has come: 
into almost universal: use for small stationary’ engines, and: has: practically 
no competition in:its own field—farm units—is the Hvid, shown jm Fig: 18. 
The Hvid:-retains the'same ftiel cup as: the: last two. engines; > but: 
entirely different..connections. for fuel and ‘provisions for 
timing: the! spraying: air,’ The: fuel’ is into the cup gravity 
through a ‘mechanical: valye A, so that after’ in the cap latter is 
a closed chamber: The fuel: is: delivered ‘into the cup’ long before ‘injec- 
tion, in ‘fact, before compression) begins.» During compression air. flows: 
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into the cup through’ three holes, B; which the outflow’ of 
prematurely, provided the! holes atesmall eriough’ so as to be capillary. 
After compression is complete, the air in! the cup “has ai lower pressure: 
that the air in the ‘cylinder, which differentiat: 1s: quickly on 
the expansion‘ ‘stroke. AS) soon’ asthe cup’ pressure exceeds the cylinder 
the: cup ‘air: will spray the oil inte the: cylinder: If the holes are 
large; fuel will leak into the cylinder while the cup is being 
If If they are too many, the air) escaping into:the cylinder) will: come’ out 
some without spraying oil out of the others. There is a limit to both 
the number and size of the holes and the net result is that the Hvid cup 
seems limited: to. small-cylinders, but: ina smalfcylinderwhere a 
small numberof ca pillars: ‘holes <will passthe right.amount of oil it is 
thus far supreme. It is the. simplest possible, automatic in timing because 
cylinder pressures control the timing of the spray, and the only objection 
is that the combustion is a little late or slow. ‘This little.engine may be 
said to represent the limit of commercial success ‘for small » engines with 
solid injection supplied by air without an air compressor. 
Steinbecker has devised another spraying scheme which has. been: worked 
out Jn the” shown in. 19 a very 
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Fig. 19 Srempecker Cou CHAMBER. 
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chamber-with- narrow ‘heck is cylinder head. Through 
the top of this chamber a. Spray nozzle. projects and delivers a jet or a 
coarse spray into the neck. At this time the air has already been com- 
pressed to and above the ignition ‘temperature, ‘so ‘that ‘as the oil escapes 
it immediately ignites, but not much can burn because not much of it can 
reach air’ in: the: narrow passage. What ‘burns: on the: back» face’ the 
spray, according to Steinbecker, will raise;the pressure: inthe bulb so as: 
to produce an outflow of gases to respray. finély what<oil has been delivered 
to the: neck and: deposited: on its: walls. “By the rise) of: pressure: in the 
bulb, Steinbecker expected. to.really spray: the main:charge of: oil) 
-Steinbecker has a recent. engine, Fig.20, in which. the: bulb: chamber. 
is retained, the neck passage is made: extremely’: narrow ‘to! get:a 
very velocity through: it, and: injection: pump délivery.is:led into the: 
middle the neck. It. is tithed so, thatvoil-enters near the'end of the 
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the cylinder to carry it into the bulb chamber, which isu eted and 
hot; so as to. produce. ignition and combustion by explosion, The hot gases 
cause reverse flow to the cylinder and spray the ‘oil, delivered 

ter directly: into the cylinder. This is ;Steinbecker’s engine .as..it,now 
‘stands, and:as operated experimentally even in automobiles. .The.timing is 
directly by the: pump, and should: that pump, force the oil in too, soon, 
‘there would be an explosive shock. If, the timing were wrong, ‘the correct 
amount of oil would not enter the bulb and the, spraying, would’ fail also. 


It-is: probably quite ‘sensitive, to pump as. not the sane: with! some 
others, inchiding the Hvid. 


of the difficulties is to the 
‘of. explosive: by’ too early, and loss of: efficiency by 'too late, . timing. 
recurring detonations: will) wreck ‘any “machine in-time.: ‘To direct 
stream into the contbustion' chamber by a pump; without anyother 
control of time-andrateof combustion, method ‘employed 
‘by Vickers England; using a ‘central ‘pressure supply’ of oil admitted 
‘to spray valves by cam-timed | oit:valves, The equivalent was worked out 
by Junkers in Germany, using direct pump injection without timed oil 
valves, who succeeded in making it work in an aircraft engine, and to 
him is due the credit of first making a solid-injection heavy-oil_ engine 
that would-fly in the air. In both»cases;however—the German and the 
-went® directly into the cylinder andthe production of 
detonating ‘shocks ‘was entirely a question of avoiding too early an injec- 
tion—and~earliness are a matter-of a a few: degrees.of cr 
angle. They must=be. extremely. sensitive, 
Here a different sgrinciple, intended to detonating odie and 
relieve the bagoe of the necessity for accurate. timing, claims attention. 
In with main chamber is two 
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one in ‘the ‘eflindér and the other ‘retnoved—a divided cao 
i the compressed partly in. the colinder and partly in 
connecting the’ major part in the former, 
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‘chamber connected ‘to a‘cylinder by a series of holes and with an oil 
spray at the top. The piston stops at a point that leaves considerable air 
‘in the cylinder. There body of’air in the cylinder and another: body 

in the injection chamber at dead center. If the quantity. of air> in the 
injection chamber is small ‘enough in Coe with that i in the ‘cylinder, 
then ‘when the fuel is injected—the whole charge of fuel into the small 
amount of air—it cannot produce any! explosive shock because so’ small 
‘an amount can’ burn. What, then, will happen to the rest of ‘the fuel? 
It -will change as'it would in a gas producer where fuel ‘reacts: with less 
air than is’ required for combustion.. Some of it will burn; the rest: will 
gasify; possibly some will merely vaporize, In this  divided-combustion- 
chamber construction the piston becomes the principal element of combus- 
‘tion timing, somewhat as in the Hvid engine because the main combustion 
is produced by the flow from injection chamber to cylinder. The divided 
combustion chamber is the principal element. in preventing the explosive 
shocks, the piston movement controls the completion of combustion, and 
if the compression is high enough the whole structure’ can be jacketed. 

Such a water-jacketed injection chamber, but of more or less cylindrical 
‘form, and embodying the divided combustion chamber and. side injection 
‘of ‘fuel, is: shown tn Fig. This is Danish form, by: Nielsen, who also 
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Still ano er type t in the. se development | of the 
divided co ion chamber is the Leissner, if. 23. Leissner adds to the 
Nydahl or Neilseninjection chamber a tube which fias holes in the sides 
and bottom to form the old-fashioned: fuel distributor used with air- and 
solid-injection spray valves. The Leissner tube comes up-close to the 
injection spray-nozzle which delivers the'oil-inside the tube. Just-as the 
small injection chamber. alone prevents at _explosive shocks 
by. limited contact of air and fuel, so. does. this tube.add some- 

ing to further limit the contact control. Deatiet per that the holes 
trey the beam and sidés of the tube, and the space aboye it, shall be 

elated to each, other in area,as to produce the following series. of 
‘carried first ‘to ignition temperature; injection 
inside the tube in, the injection chamber, and partial combustion in , the 


tube, producing a rise of pressure in the sabe, 
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‘of still unburned oil sidewise into the air around the tube. Cdesbustion 
of these jets ‘raises the pressure outside of ‘the tube and ‘causes: reversal 
of flow ‘back into the tube and down through it’ to the ‘cylinder, helped by 
the movement of the piston; the’ air left around the: tube finally passing 
through the tube and expelling the fuel.charge in front’ it» into the 
cylinder, ‘the’ space around the tube: "and in ‘the tube being in series. This 
brought out in Sweden, and it ‘is ‘now being introduced 
country 
Finally, in this ‘class of | divided-combustion-chamber injection engines 
there isa one developed by Worthington—the ‘class’ in ‘which the 
injection or precombustion chamber is used to limit the development of 
explosive shocks and connected to the cylinder by an ejection orifice: thr 
which pRecoaneny fuel is expelled to the cylinder by a’ pressure’ different 
This i hee the movement of the piston and’ partly to the precombustion. 
hows ia Pig: 24, It has a tube ‘open at both ends and supported 
side walls with wide spaces at each end. The bottom of the 
aeaday chamber has a passage to the cylinder of the usual fuel-distribut- 
ing sort, forming a fuel-ejection orifice. There are large’ holes throtigh 
the tube-supporting web, ‘so that the injection chamber acts’ as ‘a ‘single 
chamber, with the tube'acting as a sort of fuel baffle or guard, The 
being injected into ‘the ‘tube is limited’ by ‘the ‘tube as ‘to air‘ contact. 
- tube constitutes'a fuel guard, by means of which the’ amount of praca 
bustion can be controlled and at the same’ time the fuel is gasified in ‘the 
hot limited amount of air. A rise of pr pressure in’ the injection chamber, — 
due to partial’ combustion, is supplemented by ‘depression of the pressure 
‘on the cylinder’ side'due to the piston movement, which starts the flow’ of: 
parallel streams of air and fuel toward the cylinder. This action ‘creates 
in effect’ bunsen burner in the top of the cylinder. This arrangement 
gives ‘a coristruction practically as simple and foolproof as ‘the’ little. Hvid, 
except for the injection pump, butorie that.seems to be adapted to a’ wider 
range of cylinder sizes and speeds and’ léess’limited by fel qua’ 
Much research has already’ been completed more ng? 
fater paper.—" Mechanical Engineering, 
et 


apparently still proving insolub in dent. investigators, 
both ‘at ‘home and abroad, big Yor: some tne. past, been concentrating, on 
‘attetipts to discover a solution of ‘a problem which certainly embraces 
more genuine difficulties Of a mechanical nature than were ever provided 
by the steam turbine or the internal cotnbustion engine, while ja 
involved are in a c by., themselves. 
fie ofa Satisfactory to, be. 
it tis cult to avoid the feeling that, a might, b afforded 
some stroke of ere or luck at almost any, moment; but, it has, resisted : 
h strenuous ‘an be attack during the last. quarter, ‘af century 
ity such success that the probability of an early realization of an efficient 
‘internal combustion rotary engine seems to be rather on. the ,wane.than 
otherwise, and some .at least of. those who have gone very deeply. into Bes 
‘matter during the last two or three years are reluctantly. abandoning their 
efforts. Experience of the steam turbine has taught a great deal that 2 
of the. direct in internal, turbine, icularl} 
re of ‘its itat Simi experience. with petrol; 
cated ‘where are apt to arise in 
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using other forms of energy..: But in attacking a problem: as that.of.a 
_gas_combustion turbine, itis absolutely to -be. bound, Gown 


_—by any conventional: ideas, in. regard, to design ‘beyond, the fundamental 


thermal consideration of heat received minus that rejected, in its ratio, to 
that received, which applies alike to all heat engines, , tae ot dane 

To obtain combustion energy ,in a utilizable: form, whether for expanding 
ithrough.a nozzle and yielding. up kinetic energy in.a jet, or whether. the 
static expansion force behind a piston is to be used as in.a Diesel. engine, 
compression is required, and here the mechanical difficulties at once begin. 
Good restlts can'be obtained with. rotary air.compressors only up to.,com- 
paratively low. pressures; 100. pounds.per, square inch is about the limit 
obtained, and. it involves..the, use of a large number of; fans series. 
‘We know. that if it, were possible to solve the problems at the high-pressure 
end ..of...the.gas turbine, we, could .utilize: a considerably: lower. ex! 


adding to the; negative work in friction a reciprocating compressor 


‘requirement’ of ‘adequately, cooling the combustion. chamber and of. reduc- : 
ing. the’ existing loss of heat carried away in the process. The, next 


‘eritical ‘value ‘so ‘that ‘the use Of divergent nozzles is obviated. ‘This, is 


‘temperature, than, is possible in a Diesel engine, just.as one.can efficie | 
use jlower, steam'turbines than in. low-pressure cylinders ; 
consequently, to,attain the same thermal efficiency the initial, pressure ppt 
temperature,need, but, the, compression will D | 
ofan order, quite | unattainable; with, rotary .compressors, .Hitherto,,,1n 
all the gas turbines tried, this negative work has_ practic 
nullified. the, positive work, of the turbine jitself,and cases in which, t 
compression, has, been: provided; externally the, power, required has, usually, | 
-even; exceeded. ithe, turbine.output, Another . objection.to,; direct-driven 
1otary compressors lies in, the, necessity of meeting, the, conditions, of 
up or, of altering .therevolutions of the; main. turbine., At the 
| | 
will be .essential overcome ...this, dithculty. turbine wall, require -t 
sbe..operated .on;a continuous ;combustion, system, no, fluctuation of | 
rotary. speed) eyen as. smallas that found, in the, Diesel, ergine willbe 
-satisfactory.,. By splitting: the power. up, into..eight cylinders, the yolume 
of oil introduced into, ; on-every alternate: stroke. is, reduced, to, a very 
small quantity, and though. at 120. revolutions, the. working stroke occupies 
-but one-quarter of, a) second, the problem of dissipating. the heat absorbed 
a by the metal of the cylinder and particularly by the cylinder: cover. is: a | 
formidable one, and quite as much of thermal energy in the fuel as is | 
| converted into work goes overboard in the cooling water. This cooling | : 
4 is continuous, and yet the /explosion ‘stroke’ only occupies one-quarter of | 
the time, How. is.a combustion chamber that. is tobe subjected to;¢on- : 
‘tinuous heat ‘likely to fare?” Here we come across the germs of a wide | 
‘series of problems relating to metals under. the influence of heat. ..A. 
‘furnace stands up to 2,500 degrees F. for apa on end without difficulty, ; 
F ; ‘but its function is to transmit the heat as fast as it can; but the function 
of the turbine material is to withstand pressure and not to pass more 
‘than to, avoid rupture due to expansion ‘strains. | 
‘Tt is possible to keep’ this combustion small by subdividing the amount of 
i fuel’ supplied’ over a number- chambers, and further over a | 
Bi 7 ‘humbet of turbine’ wheels in parallel, and by arranging the firing so that | 
‘a timeelement is introduced to assist in the heat transmission from each | 1 
‘of ‘more ‘than a few—lies ‘in the fact that the efflux velocity, of high- | 
‘pressure ‘and high-temperature gas expanding, to a lower . pressure. is 
‘very considerable.” There has been a general tendency in steam. work to 7 


practically impossible. in internal..combustion work, and the. uncertainty 
| of the proper proportions to provide for the nozzles is a further source 
| of inefficiency, though the real. objection lies in the difficulty of suitably, 
1 harmonizing wheel speed and jet speed when the latter is high. Actual” 
E high speed of revolution is immaterial; gearing corrects that. But it is 
uite impossible to exceed certain peripheral speeds depending onthe 
tones of wheel and blade attachment, and with a shafts a limit in the 
neighborhood of 500 feet per second is involved. For maximum efficiency 
{ and a single row of blades this limits the gas speed to far below its actual 
| value; velocity commeeedtng must therefore be resorted to, and even then 
a sacrifice will be made. us we find that the fundamental condition on 
which efficiency depends—that is, on the transference of the kinetic 
energy to the turbine wheel—is, step by step, being reduced to a position 
in which the quantity.of energy transferred minus the negative work 
expended in compression will not reach the standard of thermal efficiency 
obtained in the reciprocating unit. The largest gas turbine unit so far 
constructed has, we believe, not attained more than about a quarter of 
its designed 1,000-kilowatt output. The early efforts of Armengaud and 
Lemale in France and of Holzwarth in Germany did little else than 
indicate the wide extent of the difficulties involved in dealing ‘with a 
i fluid other than steam or water in rotary engines, Quite a number: of 
riments have been conducted in this country and in Germany,’ but in 
all cases the negative work of compression has proved to be the stumbling 
block, This fact in itself indicatés the attainment of a very low turbine 
efficiency, because the work of ‘driving the air compressor for a big Diesel ~~ 
engine for charging purposes is only of the order of about 5 per cent of 
the full power, and, from a consideration of the other losses, that absorbed 
on the compression stroke cannot be very great. We have not in the 
foregoing sketch of the. pure gas turbine referred to mixed combustion 
turbines. The possibilities of water injection into the combustion chamber, 
with the double object of reducing its temperature, and in doing so 
utilizing the potential energy thus transferred in the fluid impinging on 
the wheel. instead of letting it flow uselessly away in the cooling water, 
: have not been overlooked, nor. has the use of the éxhaust gases, some- 
| what on the lines of the Still: engine, been ignored. In lieu of using them 
to raise steam, it has been proposed to pass them through a turbine, but 
: the fallacy of the idea soon becomes apparent-on investigation, The 
L injection method, however, offers several possibilities that the pure com- 
| bustion turbine does not, and it is along these lines that some development _ 
my be eventually expected. 
he complete solution of the problem would be’a step of the most 
profound importance in engineering. The fact that inside one ‘la 
cylindrical casing it would be possible to transmute the thermal ‘value of the 
liquid fuel in the bunkers into brake horsepower on the shaft without 
the mass of separate intermediate parts which ‘constitute the  exi 
engine would have an extraordinarily far-reaching effect on every b: 
| of manufacture and power supply. . Ideal-as the suggestion may be, or 
nebulous as the prospects of its realization seem to be at present, the 
introduction of a motor which dispensed with steam generating and 
condensing plants and was applicable in all sizes from motor cars to 
mammoth liners would create a veritable upheaval in all sections of 
industry. We really. wonder how many firms which: would be very inti- 
mately affected by such an occurrence have carefully considered what 
d their position would be in the event of such a motor being forthcom 
7 without much warning. That it would entirely super: the use o 
steam machinery’ is most unlikely, but for the er and more impor- 
tant power plants and steamships no motor ‘could offer a more ideal form 
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of prime mover. | » Pleasant as it may “be ‘to speculate ‘on the presence of 
such ‘perfection, the difficulties in the way ‘of its ‘attainment have hitherto 
proved toc formidable. They are'not, however, provably impossible in 
theory, and consequently it is within the bounds of possibility that ‘such 
a motor may be forthcoming, and, if SO, it is not unlikely to take’a number 
of ‘by surprise —“ The Engineer,” ‘September 23, 1921. 


THE CALCULATION OF CRITICAL ‘SPEEDS. 


- In a notable paper, which constituted, in et. a veritable mine of valuable 
_ information, contributed to the Proceedings of the Institution of Electrical 
Engineers in 1912, Mr. K. Baumann gave a rule for the critical speed of 
turbine’ rotors, which, from the context, appears to have been arrived at 
empirically. ‘He said that if the maximum deflection 8 of the rotor under 
gravity were calculated, then it had been found by actual trial for a large 
variety of rotors that the critical speed was given by the relation _ ; 
=(1.07 to 1.08) g. 
In this expression w denotes the angular velocity in radians and g the 
expected to apply to a hae aging it is possible to obtain nearly 
Tord Rayleigh’s method of est icable in all’ cases, by making use of the late 
Lord Rayleigh’s method of estimating the natural periodicity of vibration of 
a loaded shaft; which is, as is well known, identical with the critical speed. 
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pe dx 


and 6 the deflection (under gravity) of the rotor at the same point; whilst i 
is the total length of the rotor between centers of bearings and 386.4 is the 
value of gravity in inches per sec.? In practice it is a very tedious operation — 
to evaluate these integrals if treated in the usual way, but a great simplification 
can be effected by «malting use of ‘the relation” 
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386.4 . Si (mean value of 3) 
"Canceling out 8: from tp and botiom, we ae simply 


1 

| 

386.4 

® 


AD 
; ES 


font OO; 


e ‘ 
BD 

| 

«fort anlsy at? di oe 
= 
' x 
| 21, 4 parle ry gett eit} mor) sopaieib 
| 


116 NOTES. : 


In this expression 3 represents the deflection degre tines gravity when 
jen bar in its bearings, and must be plotted against the shear, which is 

culated on the assumption that the rotor is Santitever 

Amongst the rules for determining mean values given by Roger Cotes over 
two centuries ago, we have the following: Let the base of a curve be divided 
pry hei equal parts and let +o, %, yz, ¥s and 4% be the ordinates at the points 

Then the mean value of y is given by agian. a Rie: 


y = +) +2 +) 


Now, in the case of a turbine rotor, 
that the mean value of the deflection is given by the relation 


whilst—.— 
co that we gt finally the following vale forthe etal sped: 


386. 4- 

This rule gives extremely results, even very cases. 
Take, for example, the rotor represented in Figs. tand 2. The deflection curve 


of this has been‘very carefully calculated, with the nesailts shown in the follow- 
ing table:— 
Point. | Deflection int Deflection | Poot Deflecti 
Inches. | Inches. “Inches. 
*0.0033099 | F 0.010238 K 0.007294 
Cc 0.007647 ‘0.000738 | 0.006832 
0.008211 I N 0.006459 
E 0.008833 ~ J 0.007833 be | 0.002 


Lord Rayhig' the ate wth eet care, ene 


4557200 
and Mr. Baumann’s empirical rule gives 
= 39970 


Once the deflection curve has been obtained, however, it is very nearly as 
easy to apply the rule just given and there is a substantial increase in the 


accuracy. 

When considered as a cantilever, the total shear S; on the rotor at the center 
of the sepportiog bearings 2390, .2 pounds, and we find, from the shear curve, — 
that at a distance 27.94 in es from the center of free bearing the shear is 


68. oo inches it and at 
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lections (as calculated with the rotor supported in both bearings.and d 
tabulated: above) are aa follows:— 


Beg 
Distances’ 27.94" 68.00” 88.11 
8 = 7,228 9.837 X 107% 

Hence 

+ (oo 3.919 + 7\812) = 033 X 10" 
and 


Hit to dks ib / 


‘ = 386.4 100% 


as compared with 45572 b 

Unfortunately, fhe abov above rule, though it i it is very accurate, only simplifies 
the final step in the calculation. ‘ 

The difficulty of calculating the ‘deflection ¢ cunts vdnaiie: This can be done 
arithmetically, but is a very tedious operation even when the eee is systema- 


tized, Usually graphical method s employed forthe valueof T where M isthe 


bending moment at any. point‘andI the moment of inertia, t ese being plotted 
and treated as an imaginary load curve. From 
this an imaginary bending moment curve is drawn by the ordinary methods of 
graphic statics. The imaginary bending moments thus.found are ional 
to the deflections at the corresponding points:' ‘This method is fully described 
in most books on the steam turbine. In’ many: cases, however, the imaginary 


method af determining critical above deseribed, we we.onky 
t defication st. hase, aperitied, in, those 

i are provided with an ae tegrator, these deflections 
from the curve of — plotted as \aboye described. 7 


be the work done in bending «beam and P alo applied at ay point; then 
the deflection at that point i is given by , the rilation: 


Suppose, we our rotor, at @ point, distant: XX) in. from. the 
left-hand. support a load P. rotor 


crease 
— m, ‘which between the left-hand support and X, is: given: 
relation: 


t 
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We Bet: 
dmv 


point of a beam, the work done 
in bending itiss: 6 


N? 


where, of course, we baie be a 


Now it M be the moment dus to the weight of the rotor and m that due. to the ‘ 
additional load applied at X, we have: 


N = M + mand 


co that 


Now this expression holds whatever the value of P, and hence it ‘will still hold 

ally, for the deletion the poin X of the rotor, under its 
. ence, we get for the at it rotor, 

own load, the ‘expression 


x 
| 


If be plotted for each point of the span we can obtain both of these 
integrals directly by eee - the Amsler - integrator. Unfortunately, this is 
an expensive instrument, and few offices are equipped with it. Where pipes, 

it provides in conjunction with the formula previously given mu 
the simplest:method of: eritical speed of a complicated 


Theoretically, if instead of plotting “against x, we plotted it against 2%, 


we could determine the value of the above integrals by the ordinary — 
meter, but the curve thus ob is, with , such a rotor as is represented 
Figs. 1 and 2, of an impracticab rd character. 
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We) can, however, .proceed way, and thus obtain the. v 

changes abruptly, but.is constant for Ths 
for the rotor illustrated in Fig. 1 We may, WEE: 4 


Where Ma deiotes the mean value of M between 0 and A, and Mu the meh 
value between A and 

corresponding ir integral 


proceed as lustrated inthe annexed table, te rotor being that repre 


OA | 5-813| 3,379 | 3,370} 3-976 | 849-8 | 849-8 
| 16-900 | 28,706 | 25,010 | 12-605 | 2028-0 | 2072-8 
| 19-407 | 37,675 | 9,877 |, 10,602 | 0-0 | 2873-7 

CD | 23-582 | 55,366 | 17,601 | 17,558 |, 10-1 | 2883-8 

| 28-282 |-70,976 | 24,610 | 90-582 | 80-5 | 2008-3. 
[44-345 110,028 | 227-88 | 
FG | 65-07, | 435,204 | 288,600 | 188-79 | 1270-0 478-3 
@ 68-22 | |465,407 | 30,208°| 1906-0} 27-3°} 4775-8 

“HI | 85'22 726,245 | 200,748 | 849-8 | 307-0 | 5082-6 

700,480 43,235 | 6812-0} 7-52 | 5000-1: 
TL | 92-47 85,500 | 6192-7 16-7 | 5106-8 


loodw 
compiling this table the values of 2 are taken from Barlow 
The fourth column is the difference between successive numbers in the third 
column, and these differences divided by I, es eo 
each entry in the seventh column is the sum of the 
sixth column, ‘and gives! the value!of-y against which has to’ be:plotted the 


| | | 

4 
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The curve his obtained is shown in Fig 
ere the intervals between successive values are large as between O and 
A and B; ¥ and’G; ‘intermediate values of y and M are calculated, but this is 
not necessary elsewhere. 


between o and x = 27.94 in, RENE int at: which the shear on the 

rotor if supported at the right hand end only would be one-quarter of the 

total shear. Similarly the area of the curve ved to the vertical y » givés twice 

the value of the above in between 0 x = 68, whilst'the area up the 

Il in 


The vale of the f is. found in.a'similar way, distances 


from the right hand support being tabulated asia of the left-hand su 
Atle, cane Se tabulation bexomd, some, 


fourths of the span. 
tained by equation (1) ante. 


Where an Amsler integrater is available it.is, however, preferable to use it, 
as rather less preliminary arithmetic is! 
*N aturally in calculating critical speeds, any ther of the formule for mean 
values given by Cotes can be used. Thus if we divide the shear into three 
equal parts instead of four, and calculate the deflections at the two nial 


ate points of division, we get ohete I 
+ 
but the possil tro made in of cole, amar the greater the numberof 
deflections .—"“Engineering,’’ July 1, 1921. 


ANGULAR VIBRATIONS IN’ MARINE. PROPELLING 
MACHINERY: 


‘By RicHarD GARDNER. 


The existence of torsional vibration of the propeller shafting in ships driven 
by reciprocating engines is well known; where such vibrations Focaga occurred 
under conditions of synchronism, what in acoustics is called resonance, the 
effects have sometimés been disastrous. ‘This vibration effect in relation to 
geared steam turbine installations has been very little investigated; but it is 


believed at the present time to be a cause, in many cases, of troubles which have — 


not been satisfactorily explained otherwise, 

A mechanical vibrating system consists of flexible:parts and-inert parts, 
and during vibration the motion of all the elements is such that some point 
or node is maintained in equilibrium under the forces about it. (There may 
be several nodes.) If the flexibility of the system is confined’to the torsional 
flexibility of the shafting between the propeller and the gear wheel, then the 
latter’ cannot be anode or equilibrium point, but: must, in some degree, be 
subject to vibration. i 
Phe-angular vibration of the gear wheel may be so, small i in. amplitude that 
and there is no reason to 
suppose that this would damage the teeth or everi detract’ from smooth:running. 
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condition of the teeth in some cases after the gear has run for a short time gives 


It is notable that the unsatisfactory features found in experience with 
double reduction gearing were practically unknown so long as gearing was con- 
fined to the single reduction type. In'order to’show a comparison of the two 
types in relation to the effect of torsional vibrations, let the condition ‘be 
‘written down that separation cannot occur between the gear wheel teeth and 
GM 

oR = gear wheel radius. 
T = torque at pinion. 
a I = inertia (moment) of turbine rotor. « 

The vibrato: tion of tl the gear whey be expressed thus a «function 

Differentiating twice, ‘we have: 
__ Angular acceleration = 
Whence the vahss of the 


if the load ‘om the pinion teeth wete 
removed for a short interval as a result’ of. the vibration of the gear’ wheel 


en the power would be absorbed: by. the inertia of the rotor, which would 
erate, and the linear accseration ofthe pinion teeth would be: 


The required condition, namely, that the wheel teeth cannot get a 
from the pinion teeth, is , may one shall be’ greater than the 
mum of the teeth, or: 


first and Re ry the tadil of the second red ni gears, and let J be the inertia 
of the intermediate gear‘element. If ais the’ eolaialinn of the intermediate 
gear when it is free to accelerate along with the turbine rotor, then the 

corresponding 


hivth obor 


acceleration of the rotor is - 
of .contact— 
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Relative toa single reduction gear, the double reduction gear is thus, on this 
basis, ceilenceey ‘conditioned. Its defect is, en , the low potential 
acceleration of the second reduction pinion: is probable, again, that 
the conditions determining the factors and 6; = favorable to the single 
reduction gear. 

It appears impossible to treat mathematically the motions of the different 
elements of a geared turbine installation when the propeller shafting undergoes 
torsional vibration, but it is quite possible to obtain comparative ‘estimates of 
the outside limits to the amplitude of vibration in the gearing. The method 
proposed rests on the assumption that vibrations arriving at the gearing are 
absorbed solely by the main gear wheel which is keyed on the propeller shafting. 
The inertia of the other parts of the machinery being thus neglected, the esti-_ 
mated gear wheel amplitude will certainly be too great, but by treating different 
—_— on the same basis a useful COMPSEIRIS: can be made. 


rys 


| 


With the stated, of which 
Figy 1 is-a diagram, consisting of the shafting with mopar peamvent 
other... Let. ., 

= natural frequency of Sec.) 
1 = length of shafting, sashes. 
N = modulus of rigidity, Ibs. /sa. inch. 
_ I, = inertia of gear wheel, Ib.-ins.’, 
g = gravity acceleration, ‘ins. /sec.*., 
The node divides the length of the shafting into Sioa segments ‘ h which 


_ always twist in opposite angular directions, and we have then:— 


od dab fan ty 

= 
while making any correction.) Let 
a angular litude of propeller 


pg ge ae the torsional strain must be the same in both 
segments of the shafting: 
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| This brings'us to the question of:the propeller’s vibration, of which 4; is 
the amplitude. Suppose the propeller is subjected to:a single isolated shock, 
as by a sudden change in the resisting torque to a higher or a lower value, then 
the ler responds with its natural frequency m, the vibrations being 
gradually damped away by friction; probably such "vibrations are over 
small in But when the disturbing force on the propelleér is' peri 
"as is actually. the case for all ships, the resulting amplitude of the propeller 
may be very great, Let the. variation in the resisting torque T (in.-lb.) be 
represented by a harmonically-varying disturbance of amplitude T, frequency 
m. Thus T the average value and cos 2 m/s the disturbance of of ‘the 
torque T + T cos 2 x m hia periodic force_is,applied to the propeller, 
which has a natural frequency Nn. e solution of the ar aga of motion 
beings out very clearly Ammstupe-stf the resulting vibration.* It may be writ- 
cos 2 
—(2"m)? 


The frequency is the samé’as that of the fore, ‘and ‘the’ amplitude is: 


sored 


m and n are nearly equal, friction may prevent, the amplitude, getting so 
great as to cause destruction of the shafting. 


With a four-bladed propeller 


RPM. © 


assuming that there is one radius in the wake stream where the thrust,is.a 


maximum and another where the thrust is a minimum. 


12X 10° Ibs. /sq. in. 


af 
te 


This result ‘nication the benefit of a large and gear are 


not concerned with the sign of n*-m* which only determines the phase of 
the vibration relative to the of the torque. variation, In most shi 

with propelling machinery of the type in uestion, m is greater than n. It 
will be seen that with this condition increase of lier inertia exercises a 
small effect in reducing the ov, dency at the gearing; on the other 
when les Gor ‘propeller inertia has the opposite 


~*Rayleigh’s Theory of Sound; vol. i. 
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variation, torque: edt 


tor ghveh slip ratio, and speed of ship: ‘per 


where 
— __Speed of ship relative to wake 
™ speed of Ship relative to still water. 
hence T *. 
where K is a constant. aK 


Now the ton of wake 

at So we can if 
= KO! + 2 in’) - 


= old 
uw is the amplitud of wake variation affecting ‘the asa whole. It 
must be much less than’ the amplitude of variation experienced by arly 
one blade, because when one blade is in the of minimum wake another 
blade will be in the region of maximum wake; in fact, if the wake te supposed 
to vary according to a.simple mathematical law, there may be no wake varia- 
tion experienced by the propeller as a whole. Regarding the way the wake 
actually varies over the section of the propeller stream few ental data 
ry »vatable, but it is not obvious in any case how u could bet ound from such 
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Let the make factor be supposed constant over the boo ttom half of 
propeller disc, and to vary utiormiy from the center to the top (Fig. 3) 
then the wake factor for each blade is as follows: 


Blade Wake Factor. 
(1) cos¢. 
(2) 6-2) 
(3) 
(4) 


Hence, the whole propeller = 


minimum is expression be replaced by the harmonic 
function io! ox 


Thus, 


Suppose = 0.4, ‘then = 0.02. = T 
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The foregoing is no doubt rough mathematic s, but serves to show that a 
large variation in the wake stream has but a small-effect ifi relation to torque 
variation. In an interesting paper by..Messrs. .Walker.and Cook, read before 
the Institution of Naval Architects this year; Observations are recorded of 
the actual fluctuations of twist of a propellershaft. The in question was 
an oil tank steamer, the San Fernando, in Tn which trouble had’ encountered 
as a result of torsional oscillations, . It was found that the shafting vibrated 
with a natural frequency which corresponded to a nodal position at the gear- 
ing. This frequency was about 280 per minute, The revolutions, originally 
65 to 70, were reduced to 61.3 by increasing the pitch of the propeller. The 
twist fluctuation was then'observed by moving the tofsionmeter scale box 
to different angular positions round the shaft, and was found to have an 
33 per cent the mean int The shafting 
was 35 feet. t ut 5,000. ce Of more par- 
_ticulars, we "will take: : 


to allow for stiffness of tail, shaft, &c. ) / 


coresponding oa propeller about 22 feet diameter and 45,000 pounds meet. 
= 63,000, = X 108 i, in 


Twist X 10% 420 X 32 


Fae. 3 + 60 = 4.09 


This is a full-lined ship, and the \value-of w-will be high. The provisional 
figure, 0.02, already arrived at, is therefore probably quite a close approxima- 
tion for fine-lined or twin-screw ships 

The system of comparison here:indiceted: hea, number of cases, shown 
very consistent results. Linear am: —_ of gear wheel teeth = R X hh, 
where, R is main gear wheel radius. A gear with a low value of RX 9% is found 
to be silent and to run satisfactorily; a high value of R X 6 indicates a noisy 
and troublesome gear. . 

"Let a case be proposed where’ shaft wer = 2,500, revo revolutions ‘per 
minute = 80. Propeller diameter about 17 ft., giving 1; = 40 X 10° Ib.-in*. 
Shafting diameter d = say, 12} in., length 110 ft. xX12= 
Gear wheel radius R = 40 in., = = 10° Ib.<ins?: 

m = 4 X 80 + 60 = 5.33 


12. 715° I I = 


4 
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and R X 6 = 0.34 in., which is too high a figure. Bi thal wa shen 
to reduce t. value of RX 62.: Increase the gear wheel radius to 50 inches, thus 
making I, = about 46 X 10° Ib.-in.*, Then: 
0.157 X 108 9.8 
RX&=0.095in, 
(hes would be'expected, from ience with this 


theory, to be free from effects of the angular oscillations o the propeller.— 
“Engineering,” 9, 1921. 


LARGE ELECTRIC UNITS. 


By Smiru, D. Sey Assistant Proressor IN 
ENGINeERING, AT THE Crty AnD Gumps (ENGINEERING) CoLLEcE. - 


ndttraduting Note on Prime Movers-—The development of prime movers 
has largely influenced the development of electric generators, and con- 
versely. ransmission problems and the growing demand for electric 
energy have given a great impetus to, alternating-current machinery. 
Steam Turbines have now reached a high stage of development and can 
meet practically all-needs as regards output and speed. Units of 25,000 
kilowatts to 35,000 kilowatts are probably large enough to give, good ‘all- 
round economy without involving too much capital expenditure in spare 
plant and without causing too much disturbance in the event of failures. 
One of the most interesting developments of recent years has been the 
Ljungstr6m steam turbine, in which the electric unit is split into halves. 
By making these halves rotate in opposite directions, the relative blade 
speed in the turbine is made equal to twice the actual running speed, result- 
ing in a very small turbine, low steam consumption, and the possibility 
of much larger units at 3,000 revolutions per minute than with ordinary 
turbines, because each generator gives only half the output of the unit. 
The two- stator windings are connected permanently in parallel and the 
two rotor windings in series. The set is started with the exciter circuit 
closed and the two alternators ‘synchronize automatically at about half 
oo. The whole set can be mounted on the condenser. 
by the: Brush» Electrical Engineering: is 
ig. 1 
Large Internal-Combustion Fingines ie been. widely developed on- ‘the 
Gas. engines are now installed in most irom,and steel works 
to, utilize. blast-furnace gas. . The exhaust gas from the | ‘engines.can be 
farther. utilized by using .it in gas-fired boilers; after which it can be used 
for, heating feed, water—the extra.power thus:obtained::from the 
steam turbines may amount: to one-eighth or more of. the total.. Recent 
developments; are illustrated. by. greater, reliability, simplification of valve 
gears, use of compressed air for Starting, s may be necessary 


"ead betore Section of, the British, Association at Rainburgh, September 
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for reducing cyclic irregularities, but may be dispensed with: in. alternators 
driven by twin tandem engines. Regarding 2,000 horsepower per cylinder 
as the present limiting output, such °a~set could give 8,000 horsepower. An 
idea of the outputs and speeds obtainable with gas engines is obtained 
from the following figures for tandem engines :— 

Cockerill: 1,000 horsepower ‘at 115 revolutions ee ‘minute, to 3,600 horse- 

power at 94 revolutions per:minute. 
_ M.AN.,.715 horsepower at 167 ‘revolutions per minute, to 3,500 horse- 
power at 94 revolutions per minute.” 

Twin-tandem (four-cylinder) engines give about twice the above powers. 
These figures may be compared with the following figures for Diesel 
engines with one to six cylinders :— 

ulzer: 20 horsepower ‘at 260 revolutions per. minute, to 4,000 horsepower 
at 125 revolutions per minute. — 

M.A.N.: 85 horsepower at 200 revolutions Per wre to 1,500 horse- 

power at 150 Per: 


A. 


Fro. 1. Sar Co) 


Water: Turbines. no! other: has development been gredter 
dna in hydroelectric work. The design of both impulse and ‘reaction 
turbines: has been greatly improved result of experience. Heads of 
3,000 feet and units of 20,000 horsepower are becoming quite common. 
So long as coal was relatively cheap and ‘easily obtained, development: was 
rather slow, but the‘coal famine of recent years proved ‘sufficjently powerful 
to overcome the adverse financial ‘conditions: In many countries definite 
policies are being carried out'in connection with water-power 
to’ secure continuity of supply, the Alpine’ stations’ in Italy are linked wih 
with the Apennine stations; while-in’ Switzerland, high-head stations’ 
storage are linked up with, river stations worl 


“In Germany, power obtained ‘at the ‘weirs weirs of 


| 
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tivers. | Railways | ‘yee being worked electrically by: power obtained from 
hydraulic stations in Sweden, Switzerland, Austria and ‘Italy. ‘The greatest 
difficulty in the construction of alternators for this work is'the need’ for 
safeguarding them agaitist overspeeds, which vary from 80 per cent to: well 
over 100 per cent according: to type turbine, &e. 


‘OF ALTERN ATING-CURRENT 
de ‘Turbo-Alternators. ii 


Rotors-~The difficulties of construction, now well 
creased with increasing outputs, Three thousand revolutions per minute 


has become almost the standard speed for 50-cycle machines, and outputs. 


up to 20,000 k.v:a.:per unit ate now practicable at this speed. This: entails 
peripheral speeds up to, or even beyond, 25,000 feet per minute. Despite 


- the difficulties in obtaining large forgings weighing 20 tons to 25 tons in 


their finished condition, the solid rotor seems to be generally. preferred 
to any: form of built-up construction. Asa result, dynamo makers both 
at ‘home’ and abroad are insisting on >more ‘rigorous guarantees: from steel 
makers, and a hole has generally to’ be bored: or .trepanned through, the 
shaft to enable the interior of the! forging to be: examined: and-to- provide 
test-pieces; ‘The ‘provision of efficient) ventilation channels: becomes: very 
difficult in large sizes; and there marked: tendenicy, to! rely exclusively 
on. surface tooling: safety being ensured: insulation. 
Water-cooled rotors are ‘built, but such cooling may become superfluous 
if the simpler method proves satisfactory. 

Despite mechanical weaknesses, the built-up rotor enables all parts to be 
thoroughly examined during .construction“and »simplifies» the: provision of 
ventilation ducts. For large four-pole rotors, ‘weighing 35 'tons to 45: tons, 
‘some form of built-up’ construction appears” to be necessary: (A the 
Special ‘constructions may be mentioned: the! parallel-slot ‘rotor, the 
salient-pole rotor. An interesting example: ‘of the latter is the arrange- 
ment by Ganz, in which grub screws are made to secure ‘a solid: pole-shoe 
and:aisleeve'which carries the winding, (see: large machines, 
tig of the four-pole type, the ‘rotor’ end-balls’ are often troublesome 
to desi; 

p Iifustrations of various types of rotors are given in the accompanying 
gures. 

aa Stators.—Ventilation. problems are here, accentuated by the greater losses, 
and particular care has to be taken to keep down additional; losses, espe- 
cially in the embedded copper. For large, sizes, neither, simple,axial nor 
simple radial ventilation,.is, alone, sufficient, but the, air must, be. made to 
flow in some preordained manner, by .some, suitable arrangement: The 


_ manufacturer’s difficulties in this country are often enhanced: . by. | having 


to build the stator:on site, Watercooling is;also, being attempted. to. assist 
Stator Station engineets, are. not; yet: wholly, -satished , with, the 
methods a pted for cleansing the air—the ‘method, of, circulating 
ng.ait, through a. .refrige -being tried, ,in,\several places. 
In -the chneider, water-cooled stator, e water first passed: through, the 
‘he used . for cooling. the, circulating, air. After. absorbing, heat 


from the machine, the; water. then. used, to-heat the 


windings. call, for, special: ‘consideration, am andthe state of the 
is. en short- 


such, it t can safely, wit hstand. 
ion: AOW- EF, Y;, Syst an, reactance 
considered a desira le additional safeguard. Both 
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single:,,and, double-layer windings are. widely. with. the 
latter arrangement, coil-span, is) adjusted, to; .condi- 
tions, Automatic voltage regulation is becoming universal, the popular 
methods, being those. witch, on. the, expiting current of the 


VO 


The main difficulty in all ‘water-wheel-driven generators arises from the 
runaway speed, which may be considerably over 100 per cent above the 
normal speed. Five diagrams’ have been’ prepared from the information 
supplied by the several firms, and show the great variety of methods used 
for securing the poles'and windings: . These are given)in Figs. 2-to:21. As 
in turbo-alternators, the stator winding is’ usually: braced hes 
‘accidents i in the case of! sudden ‘short:citctit, 

Most modern types of water-wheel alternftors: are entirely: to 
windage ‘loss and ‘noise, and to: protect: the machine’ 


against eventual 
leaks.’ Large ‘flywheel :effect is generally important, and the water-turbine. 


-manufacturer” is generally anxious the necessary) flywheel effect 
‘embodied*in the:rotor of the altérnator, so 'as-to dispense a’ 
fiywheel—a- condition not always: easily fulfilled by the dynamo builde: 

A few days ago, the author ‘saw two further: interesting modes of cin 
‘struction—a robust construction by’ B-B.C. in which the pole cores were 
screwed into sleeves protruding from the yoke, and an Oerlikon construc- 
tion in which the pole laminations ‘were inserted solid projections 
from ghe sie tangy pins: yi Sapte ty 


3. Slow-Speed Attemators, 


“hese hive ‘become itnportamt again: (after shigreseiin 
by the steam turbine) owing to the development of the internal-combustion 
engine and the adoption of ‘reduction gearing... The large flywheel effect 
needed to: obtain steady running with gas and: oil engines" ‘often entails 
an ‘outer-pole” type of construction: . 

An illustration of a erigine built by: the! ‘Société: ‘Anonyme: Johri Oock- 
erell driving a 2,200-k:v.a., 2,000-volt generator, with 64 poles’ running at 
94 revolutions per minute. built: by the Charleroi (Co. is shown’ in: Bigs 22. 


PRODUCTION OF ‘CONTINUOUS-CURRENT 1 ENERGY. 


The following ‘alternative methods for" 

Slow-speed generators’ wi eduction 
3. Rotary ‘and ‘motor converters.” ‘ 


Mercury ‘rectifiers: 


- “The continuous-current as dead?” After 
being developed successfully at enormous « been ousted” by more 
suitable apparatus. 

The direct-driven contintious-current generator owes ‘its éxtenision’ of Ti life 
‘tar ely to the development ‘of the internal-combustion’ ¢ 
Probably” the  sternest ‘comipetitors at ‘moment | are” the 


driven ‘by steam ‘turbines ‘through reduction ‘gearing, 


combination of turbo-alternators with rotary converters. For large powers, 
the latter ‘are probably cheaper ‘and the‘'more economical} but ‘for’ small 
the geared generator appears to’ many to’ be the’ ideal ‘arr. 
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reliability, and permits the turbine to be run at a speed consistent with: 
low steam consumption, and a generator which is economical both in cost 
and working. 

Mercury rectifiers have only lately come on to the market, and it 
remains to be seen what influence these will have, particularly when their 
cost of manufacture is reduced. 

1 and 2. Continuous Current Generators.—These may be coupled to 
slow-speed engines (steam, gas or oil), or to water turbines, or to steam — 


a 4 hi 


turbines through reduction gearing. Illustrations of continuous-current 
generators are given in Figs. 23 to 25. The first of these shows a double 
commutator armature of 1,000 kilowatt, running at 94 revolutions per 
minute, constructed by the Société Alsacienne de Constructions. Mécaniques . 
a Belfort. It is used for three-wire distribution. Fig. 24 shows a water 
turbine-driven 3,000-kilowatt generator for 300 volts, It generates 10,000 
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Fic. 21—WATERWHEEL ALTERNATOR FOR NIAGARA 32,500 K.v.a. (ALLIs- 
CHALMERS Co.). 
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Fic. 24——Larce CoMMUTATOR WITH SHRINK RINGS FoR WATER-TURBINE 
Drive (ALLIs-CHALMERS). 


Fic. 25.—3,000-Kw. 300-R. P. M. C. C. Generator DrivEN By WATER 
TURBINE (OERLIKON). 
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ampéres and runs at 200: pet minute; and-was built by the 
Allis-Chalmers Company. The third example, shown in Fig. 25, is a 
3,000-kilowatt, 375-volt, 300-revolutions-per-minute: set, ‘constructed: by the 
Oerlikon Company. ajount al ; 

3. Rotary and Motor. Converters—Latge converters started from the 
alternating-current’ side’ have usually a starting’ motor with ‘two poles less 


than the converter. The starting motor is of the induction type and is- 


cotfinionly ‘supplied ‘with, a ‘solid cast-iron rotor for cheapness. ‘In order 
to'sytichronize correctly atitomatically, it ‘is usual to connect. an impedance 
in seties with the armature when applying the alternating pressure. One 
common way of doing this is to utilize the stator winding of sth | 
motot, by opening the neutral point and joining the phases in series with 
the ship-rings. Another method ‘is to insert a choking coil ‘in’ series with 
the, slip rings, By. these means the current is limited to a value which is 
insufficient fo reverse the residual magnetism in the converter, which thus 


synchronizes correctly. By increasing the induction motor field when the — 


set approaches synchronous speed, Messrs. Mather and Platt have found 
that the converter will synchronize when the motor has as many poles as 
the converter—in this way, surging and sparking during the transition 

Damping windings are universally used to prevent hunting, but expe- 
rience has shown that the bars must be spaced so as not to produce fluctu- 
ations in the continuous pressure, because of the danger of. telephonic 
interference. Various methods are in use for obtaining voltage regulation, 
including reactance control, booster control, induction-regulator control, 
and the much rarer methods such as the split-pole converter. ; 

The difficulties connected with the design of rotary converters for 50 
cycles and, 60 cycles have been largely overcome, but with present limits 
it is difficult to build rotary converters for high pressures. Thus at 50 

cles, it is not easy to build a rotary converter for more than 1,000 volts. 
this matter is important. for electric traction where it is desired to obtain 
1,500 volts at.50 cycles, In this. case it may become necessary to use 
either mot% generators, two rotary converters in series, motor converters, 
or mercury rectifiers; but mention should be made of the fact that the 


Oerlikon Co. recently built a. successful rotary converter for 1,500 volts 


at 50 cycles, 7 
The motor converter owes its development mainly to Messrs. Bint 
Peebles. Owing to the fact that pressures up to 11,000 yolts can be applie 
direct to the stator winding of the induction machine, a transformer 
becomes unnecessary with these sets in many cases. The development 
and use of converting plant appears to be more general in Great Britain 
ind in. the United States of America than on the Continent of Europe. 
e protection against flashing-oyer used by the British Thomson-Houston 
Company is illustrated in Fig. 26. . 


_ 4. Mercury, Rectifiers—After much experimeniat work, these have now 
been successfully developed by Messrs. Brown, Boveri and Co., and are 
now.on the market in three sizes, namely, 300 ampéres, 600 ampéres and 
soe ampéres, at voltages up to 1,500. Rectifiers are, also being built, by 


rman firms. ,Owing.to the short time this apparatus has been in general- 


use, it is too early to make a proper comparison with other types. of. con- 
yerting machinery. From all. accounts, however, it: would appear that a 
very useful alternative. method of converting alternating into. continuous- 

rrent energy has now been made available. Slides shown at the meeting 
illustrated the Brown, Boveri rectifier. Engineering,” September 16, 1921. 
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The Welding of Steel in Relation to the Occurrence of Pipe, Blow-Holes 


and Segregates of Ingots. 
By H. Breartey, Member, of Council (Sheffield). 

It is well known that perfectly clean. surfaces of malleable metals. will 
stick together under pressure at temperatures much below those, commonly 
used for welding. Hot. steel can be welded together under pressure at low 

ratures.in an atmosphere of hydrogen or other inert, gas. Turni 
sometimes stick to the cutting edge of tools which are doing, heavy wor 
and it is on record that a cutting tool has been found welded to a heavy 
Steel oxidizes at comparatively low The. temper colors 
visible on bright steel heated up to 200 degrees C. and beyond are forms 
of iron oxide which, as the temperature is raised, pass gradually into the 
more or less adherent oxide of measurable thickness which we call scale. 
The scale thus formed is a brittle substance whether hot or cold; it is not 
malleable or plastic, and cannot be welded together. At very high tem- 
ratures the scale melts and could be expressed in the fluid condition from 
etween two metallic surfaces, but the temperature at which it remains 
sufficiently fluid is near the melting point of steel. At such high tempera- 
tures the fluid oxide scale reacts with the carbon of the plastic steel, lib- 
erating carbon monoxide or dioxide, which forms blisters. It is, therefore 
not practicable to. make a respectable weld without eit some means, o 
lowering the melting temperature of the scale, and also modifying its 
oxidizing effect.of the hot steel, 

In order to flux the scale which forms on heating iron and steel, the 
blacksmith uses sand. The sand-scale slag thus formed should be such as 
is fusible at temperatures some hundreds of degrees below the melting 
point of either the scale or the sand. Its fusibility varies with the respec- 
tive proportions of scale and sand used. Too much of either constituent 
produces a less fusible flux. Since the amount of one of the coftituents— 

scale—cannot be determined, the most effective quantity of sand to us 


_ can be selected only ‘by skilled judgment. It depends on the amount o 


scale needing to be fluxed, and the area to be covered by the fusible sheath 
which cleans the surfaces and shields them from.further oxidation. __ 
Being produced under empirical conditions which are so difficult to con- 
trol, there is no wonder that welds apparently similar are really of varying 
quality. The best.of them are never perfect, though statements to the con- 
trary are frequently made.’ A weld may appear under certain test condi- 
tions to, be stronger than the adjacent part, for two reasons. First, because 
the adjacent parts’ have been badly overheated and not hammered; and 
second, because the welded part has been by the 
coke fire and to a’ corresponding extent that part has a higher tensile 
strength. Both these conditions are ‘due to negligence, and hence, judging 


from the comparative ‘behavior of welded and ‘adjacent parts under the — 
_ stress of a tensile tést, we arrive at this amazing’ paradox—the less skil- 


fully ‘the welding is done’ the better'the weld may appear to be. 
tensile test is not a very satisfactory means’ of recording the weld- 
ability of a steel,'or the efficiency ‘of a welding process. Although all welds 
are more or less defective the position’ of the defect ‘may be unknown, and 
consequently when 'a tensile has ‘beer! machined it is a question of 
pure chance whether a particular kindof defect ‘is the ‘core of the test- 


* Abstract of a paper read at the meeting of the Iron and Steel Institute on 
Thursday, May 6, 
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¢ ‘or On'its’stirface.’ In the’fotmer position’ the defect may riot ally 
the ‘test’ in the latter position’ the either 
before, or soon after, the maximum’ stréss’ has’ been’ reached; and ‘conse- 
quently the ductility figures are very. poor. ‘In'the same way the tests made 
on gun-tube’ forgings, taken transversely, give very érratic results, ra aa 
to variations m the suitability of the material for’ its intended 

to the occurrence of slag streaks ‘haphazard, now in’a’ favoral le ‘postion, 
now in-an unfavorable position in the test-piece:: 

Dr. Stead ‘has stated that“ the skilful ‘microscopist' can,’ witht ‘absolute 
certainty, determine whether or. not surfaces are welded together, a matter 
of exceeding importance''when’ considering whether cavities in’ steel ingots 
can, or cannot, be welded up”’ It'is quite true that certain differences ‘in 
welds become clear when sections are’ examined microscopically,’ The 
roll-welded plane iron in Fig. ‘1 is obviously not so good a weld as the 
hand-welded' plane’ iron in’ ig. 2." It is, however, merely question of 
degree. The welded surfaces of Fig. 2 can be torn apart as completely ‘as 
of 1, but) it’ would require a. greater: effort—neither of them are 
perfect we 

How ‘near’ to’ a weld can be made question of great im- 
portance to steelmakers. Under rolling or forging conditions a steel may 
be unweldable and yet ‘an ingot may: be forged into sound’ bars.» If; ‘how- 
ever, such an ingot be cracked, as more are than we like to admit, then it 
is not forgable, but: will crumble under the hammer. This explains: why 


of certain alloy steel ingots having the same: composition some ‘pee well, 


and others not at: all; or very badly. 

Ingots are never quite free louie dhiinkage cavities, contraction. cavities, 
cracks, or blowholes. It has been proposed that ingots should be: made 
with a volume. of. deep-seated blow-holes ‘sufficient to neutralize piping 
and thus avoid: the: me esi of scrapping a discard head. . As this method 
of avoiding pipe has been in se for many years. it is! fair to, assume that 
such ingots produce: billets, bars, and.sheets, which are.commercially satis- 
factory: for certain purposes, Dr. Stead and others, conclude. from micro- 
scopic evidence “that the welding of blowhole cavities as .a.rule is.com- 
plete -and, perfect.” Their. experimental evidence. .is obtained by boring a 
hole into; an: ingot.or. billet, fitting a Pius of the same. material, sealing the 
joint; with a blowpipe, raising, to we heat. and, hammering. or ‘rolling 
into.a: bar.,; If the bar; when. nicked ‘broken. across the welded. faces, 
show. no signs. of, the, weld, and the, microscopic evidence. be: sesisfacion, 
it is assumed that, the, weld has. been, perfectly made. 

_If, by. perfection we mean a welded, joining which in ‘all, respects as 
good. as any. unwelded part) of, the same, bar, then it may. be said, that the 
evidence; is. insufficient to support the conclusion even so far as. the limited 
experimental conditions are concerned. The conclusions are. a; still less 
swer. to. the, question, whether blowholes in ingots, weld up, 
because.a drilled hole.is, smooth and clean, whereas a shrinkage cavity or 


blowhole be, uneven,. lined with segregates, coated with af 


otherwise less. favorably, disposed, to weld completely. 
, During, the great, trouble was. caused by “occurrence, ae 
e, crankshafts ll cracks whose origin, was. camouflaged. by 
them. ines? ; just as, ten. or twenty years ago, slag 
were called “sand. cracks” and many other names except. slag, 
called lines arose mainly from ingot defects, notably those 
in and about the axis of the ingot. ese axial defects are the remnants 
of shrinkage: taking Pe in the nearly solidified ingot. The small reine 


- of impure, metal last, fluid moves downwards as best it may, between, th 


loosely adhering free crystals, filing ip shrinkage and construction caviti 
as as it ‘hot enough, or impure enough, to keep fluid. 


frozen in position, lying li Tie an inverted cone about the axis of 
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It isalled a “Vv” because it can be detected by a sulphide print 
butt he harm lies in the small cavities themselves rather than in the sulphide 
segregate found in, or mear, the cavities. 
The “ V”. cavities are greater when an is cast hot 
when, the same kind of ingot is cast cold, remedy is to cast cold ina 
mould, tapered..as.much as is practicable. The remedy, however, does not 
get rid. entirely of the cavities, and one must reckon that the remnants of 
them may appear either as. split centers, if the forgi be, carelessly done. 
or. as small seams or “hair-lines,” however. skilfully the forging operation 
It has been suggested.that minute defects inherent. in commercially 
sound ingots, and small blowholes which may. occur accidentally, do not 
weld up in nickel-chromium. steels, because steel containing chromium will 
not weld. And it has been said that if aero-crankshafts, andy other im- 
portant structural components, were made from nickel steels or, better 
still, from carbon steels, the greater weldability of, these, steels would re-, 
move: all difficulties. When. this. idea. tested under conditions, more 
favorable than those occurring in practice, t.¢., by drilling holes along the 
axis of a bloom; inserting a machined bar of the same material, and after 
hermetically sealing the ends, rolling the bloom into. a:/small. bar, which is 
then nicked and broken, we arrive at very curious results. Some. steels 
tested in this: way were ordinary mild steels,containing 0.15 per cent and 
0.35, per cent: carbon, per ‘cent nickel: steel; cent nickel case- 
hardening ‘steel; and a nickel-chromium «steel, such as was uséd for aero- 


‘engine crankshafts. On etched transverse ‘sections of! the: bars: the: weld. 


lines -were: either ‘not \visible or: ‘slight: indications only »were discovered 
after: much patient searching. When the bars were nicked and broken 
across the welded surfaces, all the steels, judging: from the fractures, ap- 
peared to have welded perfectly, except the 0.15 per cent carbon steel and 
the 5 per cent nickel case-hardening steel. Unless, therefore, we are pre- 
pared to believe’that tough mild steels’ weld less perfectly: than: nickel- 


_ chromium steel, we must question the reliability of both these methods of 


measuring the efficiency of a weld: ED. 
© On hardening and reheating the entire series of steels so as ‘to put all of 
them! into'a tough ‘condition having Izod figures of over 50: foot-pounds, 
we find that not ‘one’ of ‘them withstands the nicked bar test; without’ ex- 
ception they” pull apart*at the welded surfaces (Fig. 3). These: results 
explain clearly why tratisverse fractures of nickel steel appear to be more 
reedy than similar fractures made in ordinary carboni’'steel, i.e.) the nickel 
steel is tougher and ‘therefore pulls open on the faces of welded blowholes, 
or slag streaks, more than in the less tough carbon steels; the steel itself is 
not more reedy in the sense that it contains more slag streaks, or less per- 
_ It ‘is obviously incorrect to say that steel containing chromium ‘cannot 
be welded under such conditions as apply to the welding’ of cavities in 
ingots. If, however, we are seeking some means of expressing the extent 
to which such steels weld, as compated with ordinary carbon steel; we 
should endeavor to state comparative results in concrete figures: No 
attempt appears to have been made to do this. ‘The method to be described 
is submitted for consideration in the hope that it may be improved, or a 
better method may be evolved. Some method, at any rate; is desirable if 
we are to explain the known difficulties in forging special steel, and under- 
of blowholes and segregates on the properties of steels 
The steels to be examined are prepared as 3%4-inch billets, A hole 1 inch 
in diameter is drifted down the axis of the billet, and a turned bar is driven 
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‘it and fused: over atjeach end, -The cored, billet is, then, rolled ;into a 
“AY inches by ¥2 inch. Impact test-pieces, cut, from the side, enter, 
this flat bar may be represented. diagrammatically, as in Fig. A. The 
test=piece cut from the side: willobe broken by..a force. recorded. in .foot- 
pounds which represents the effort required to start a crack at the. root of 
the sharp notchiand extend: the crack across.the. specimen, The. test-piece 
cut from the-center of the bar is broken) in. the,same way, but it, will re- 
uire a somewhat greater force to extend the crack. across the s 
depenitiony on the perfection of the w 


into: 


YVAN 


hollow billet. If no welding has occurred the crack will come to a‘ dead 
stop when it reaches the core or leaves it, and a‘ new ‘crack would’ need 
to be started in each case. This, as we know, absorbs a great deal more 
pve! than is required to propagate a crack which has beén already 
Very hard steels have low impact values because the matetial in and 
about the notch is not able to distort, and: such ‘steels, even in the form of 
cored bars, break readily across whether the weld is a good ‘one or not. 
Conversely, steels having low impact values, whether they ate’ very hard 
or not, fracture’ readily across welded cores, and this explains the insuffi- 
ciency of the nicked bar test as an indication of good or bad welding.” To 
pull a weld apa, if it can be done, the material should be put into a tough 
condition. The proposal is to, measure the perfection of a weld in terms 
of the degree of toughness which must be induced in the steel’ before: the 
-A series, of specimens, numbered ‘A’ to D, cut respectively from’ the edge 
and center of the flat. bar, prepared as described, are hardened and tem- 
pees ‘in stages of 100 degrees C. up to say 700 degrees C. These are 
‘oken on a standard Izod machine, and the impact value of the edge 
specimen whose corresponding piece cut from the, center is split along th 
From the results obtain e comparative we igure selected would 
be: Steel “A” = '28 or rather less; steel “B” = 20; steel “C” = 18; 
steel “1D” = 14 or rather less. That is to say,’these figures represent in 
Izod. the degree which must be induced’ in” 
steels by hardening and tempering it order to pull the welded ‘surf 
apart into a visible gap. : 
. If instead of rolling into flat bars the cored billets are rolled into round, 
or gothic, or square bars, and the tensile pieces are prepared from the bars 
re will sometimes visible in the broken tensile test-piece, and some- 
tines’ hiot visible.” OF the abo which 


¢ above series of steels, each of which registered a 


he specimen, 
eld between the core and inside of the 


|. 

| 

\ 
; 
| : | 
1. 


138 : NOTES. 


reduction of atéa of Over 60°per cent, all exhibited a fracture like Fig. 4, 


except steel “C,” whose fracture’is represented in Fig. 5. This sample of 
3 per cent ‘nickel steel had; when tested, a maximum stress of 44 \tons, an 
elongation of 29’ per cent on’2 inches by 0.564 inch, and a reduction of area 

For microscopic’ observation’ a transverse section could be cut from the 
flat bar on which, if the welded faces were well defined, the core would ‘be 
represented by the outline of an ellipse. The pointed ends of such_an ellip- 
tical outline could’ be traced with more of less' certainty in all the speci- 
mens, but it was more marked in the alloy steels than in the carbon steels. 
In Fig. 6 the well-marked. outliné of steel “B” is represented. After 
etching, the weld in the carbon steel “A” appeared tobe outlined by a band 
of ferrite such as is represented in Fig. 7 (magnific2iion, 250 diameters). 
Nothing similar could be detected in the alloy steels in the rolled or 
hardened and tempered condition. 

In order to increase the separation of ferrite-in the-carbon steel and pro- 
mote its separation, if possible, in the alloy steels, samples of each of the 
four alloy steels were heated to 860 degrees C. and cooled down to 500 
degrees C. in nine to ten hours, Etched sections made from these specimens 
now showed a band of ferrite about the welded surfaces of all the steels 
except the nickel-cromium steel.» Two photomicrographs are reproduced in 
Fig. 8 (nickel steel “ B”) and Fig. 9 (nickel-chrome steel (“D”). 

How far the proposed method of testing welded surfaces, or determin- 
ing the coefficient of welding, will be found reliable and useful must be 
shown by further experiment. It is clear, however, that all forms of 
plastic welding such as are used by the blacksmith, and such as operate 
in the) rolling and forging of piped ingots, produce welded parts unlike 
other parts of the bar, inasmuch as the welded surfaces can be pulled open, 
and the free ferrite about them is quite abnormal. at 

The appearance of free ferrite about welded surfaces recalls the oc- 
currence of the banded ferrite structure in mild steel plates and bars. ‘The 
banded structure has been ascribed to micro-segregation of phosphorus. 
On the. other hand it has been suggested that non-metallic impurities in 
steel in the form_of slag streaks, &c., act as nuclei around which the ferrite 
gathers as it falls out of solution, just as sugar candy crystals form about 
a thread suspended in the liquor. Whilst the formation of free ferrite on 
the welded: faces falls naturally into its place as a special instance of the 
effect of nuclei action, it is difficult to see how it can be related to phos- 
oe segregation. Referring to Fig. 9, it may be suggested that the 
limited amount of free ferrite formed under the conditions of cooling was 
insufficient to form envelopes about the slag streaks and the welded faces. 
At any rate it should not, be concluded that nickel-chromium steels behave 
exceptionally until lower carbon, steels of the same type, or more slowly 
cooled steels in which free ferrite exists abundantly, have been observed. 

The conditions, described in the earlier part of the paper, under whi 
the, coefficient of weldability is determined, are obviously empirical, and it 
would probably. be necessary. to adhere to giyen dimensions of billet, the 
inserted core, and the rolled flat bar in order to get consistent results. To 
observe the effect of deviations a 4-inch square billet, was prepared with 
the usual 1-inch core, with a 14-inch core and with a %4-inch hole, the en 
only of which was plugged. In the rolled flat bar the welded surfaces 
would of course be a single one in the case of the 14-inch plugged hole, 
and double ones in the cases of the 34-inch and 1-inch cores, The welded 
surfaces would also lie variable distances below the bottom of the notch, 
The actual figures obtained both on softer and harder steels did not sho 
great variations, and they were all in such directions as might be expected. 
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The effect may be Summarized’ by’ saying that when the hardened and tem- 
pered pieces sufficiently tough’ to" catise the weld ‘to split open, the 
impact valué obtained from ‘the welded’ ‘pieces’ depends' om» the’ thickness 
of metal behind the split weld which has to be bent by the pendulum 
hammer. In Fig:'10'the ‘right’ piece represents the 34+inch’ hole specimen 
and, the left ‘piecé the 1-inch core specimen. It ‘would clearly require 
more a to bend the latter piece than the former after sufficient dis- 
tortion had’ occurred to’ split the welded faces ‘apart;» Whilst, therefore, 
useful information may be obtained whatever ‘size of billet and bar is used, 
it is advisable to adhere to fixed sizes if the results are’ required to be 
strictly comparative. The author prefers to ‘insert a core into the drilled 
billet, as then two welded surfaces occur in the impact test-piece. | 
Although -we may be convinced ‘that no pipe or cavity in’an ingot can 
be completely welded, we need be neither elated nor depressed: by the fact. 
It is no part of an observer's business to allow personal prejudices or com- 
mercial prospects to color his views. An investigator’s opinions ought not 
to be malleable under the stress of convenience.’ Besides‘ nothing is wholly 
bad, and what may appear as a defect under’ one set of circumstances’ be- 
comes an advantage under another. In this respect we may observe that 
the degree of imperfection of welds is made manifest’ by a rise in the 
impact figure. Were no. welding to take place’ the impact test specimen 
used would bring the testing machine to a dead stop, although the ma- 
terial was not in a very tough condition. “If, therefore, the material of a 
Piped ingot, or a blown ingot, be stressed transversély to the direction in 
which it has ‘been elongated by forging or rolling, such stresses‘ carried ‘to 
the point of fracturing will have more work to do than, under similar cir- 
cumstances,‘ would be required. to fracture such material made from ‘a 
sound ingot. ‘The plate of a laminated ‘spring is one of the ‘best examples 
of the truth of this deduction, and as a matter of experiment it is found 
that a cambered’ spring plate made from the top'of'a piped ingot ‘cannot 
be broken by scragging as easily'as a similar’ plate made’ from the bottom 
end of the same ingot.”'In this sense blown’ ingots, or those rich iti non- 
metallic impurities, make good” spring ‘plates, and it is ‘mainly on ‘this 
account’ that Bessemer steei is ‘preferred Spring . makers ‘to ‘the 
more carefully melted and cast open-hearth steel: ‘To some extent the same 
advantages apply to straight axles. atid they are worth consideration even 
in relation to rolled tyres. It is very remarkable that the fabled virtue ‘of 
all good wrought) iron, viz., its fiber, should’ be regarded as a defect in steel. 
It should be valued of course like the grainsin wood, according to its'direc- 
tion,"in relation to the’stresses put upofi it. 
That pipe; or blowpipes,“or any other form of cavity in ingots is apt to 
be, and usually ‘is, associated with segregated carbon, phosphorus, ‘and 
sulphur, ‘requires no special ‘proof.’ If, ‘therefore, the discussion be*ton- 
fined ‘to the welding of ingot cavities it would be instructive to know how 
far thé cohesion of the welded’ surfaces is. influenced by carbon,':phos- 
phorus, and sulphur, respectively, and whether the influence of these el¢- 
ments’ present in the''same specimen’ ‘is'additive or otherwise. 
statements on this subject have been made, but they fiust be regarded’as 
. opinions rather than as evidence. »It has been said that “the welding up of 
blow-hole cavities: in ordinary practice is, as a rule, complete and perfect,” 
and also:'that “ phosphorus’ concentration in blowholes facilitates welding, 
' and iron relatively high in phosphorus is more. readily welded: than*'v 
pure material.” We must remember, however, that this conclusion dep 
¢either.on microscopic observation which may be illusory, or on. the nicking 
and breaking be, the two, methods. of 
Judging a weld it.is claimed that“ nicking and breaking was a more certain 
Pipi than that of the microscope ” ae the nicking and breaking method 


{ 
NOTES: 
| | 
\ 
‘ 
age 


carried out on bats in the, forged and rolled condition would lead us to 
believe that all hardening elements, added to steel, 
improve its welding. Properties, its results viously need to be interpreted 
with; caution, 

It is: generally. stated, without, any experimental, ‘warrant being adduced, 

all segregates existing in ingot, cavities decrease the weldability. It has 
been ‘assumed -that inthe absence of segregates a perfect weld could be 
made, and as’ segregates.and imperfect, welds are often found together the 
presence-of the segregate, and the. degree of imperfection are regarded as 
cause and effect.. This conclusion is untenable now we know that perfect 
welds).cannot be made even,under the most. favored conditions. 

In 1912 Dr. Stead prepared;two crucible ingots containing 0,020 per cent 
sulphur, One. was blown and the other sound. Both were forged into 
round bars and parts of each bar were turned into annular rigs. When 
drifts were, forced into the rings those made from the blown steel broke 
with 50. per cent Jess extension than those made from sound steéel, 
sulphur print taken. from the forged bars showed clearly the location of the 
blowholes because: segregates had been pressed into them by such forces 
as operate in ingot. 

he weakness of the one set of rings as compared with the other. was 
ascribed to the presence of sulphide segregates, Such a conclusion; how- 
ever, is only justified if it can be shown that identical rings, made oth 
blown steel containing no segregated sulphide, are practically as Vag ips 
rings made from, sound steel, A direct experiment on these exact lines 
cannot. be made, because it is impossible to produce commercial ingots con- 
taining isthaalen without these holes being more or less lined with segre- 
gates.. But as the blowholes could not weld completely under any circum- 
stances it is likely that the rings were weaker in one case than the other, 
quite apart from any question of segregation. 

To test this supposition a dozen small holes were drilled | wise to a 

of.8 inches into. a 4-inch billet. Each hole was cleaned, dried, and 

d with petrol vapor before being closed by plugs 1 inch long driven i in 
with a sledge-hammer, and fused .over wat wd e. oxy-acetylene blowpipe. 
The billet was rolled into a 7-inch round bar. From the sound and 
unsound parts.of the round bars. rings were turned. The rings were 
drifted, as. in Dr, Stead’s experiment, until. oF the results 
given in ths next column. 


Carbon, (Silicon, boo. Manganese... . Sulphur "Phosphorus 

0.46 : 0.15 0.70 0.040 

rit Percentage Increase in Diameter. of, ‘Dritted 
add Ringsmade from. 
Steel, . Unsound” Part. “Sound” Part 

Conditionisiss; set "Percentage Increase i in of Drifted. 

Steel... Unsound” “ Sound” Part 


‘Sulphur prints were made from’ both the sound and unsound bars, but 
there was no distinction between them. These results appear to negative 
the conclusion that the 4nnolar rigs in in Dr. Stead’s experiment broke pre- 
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maturely on account of sulphide segregation; they would have broken 
_prematurely in*any case, because’ blowholes or any other) cavities: in: an 
ingot do not weld completely however much work may be: put om to the’ 
materia? during forging or rolling: teed: 

The difference in behavior between the sound and unsound rings: when 
drifted is a striking example of the disadvantages of blown or piped steel 
when stressed transversely. Gun tubes or gas cylinders are stressed more 
or less like the drifted rings, though they are, of course, not made: into 
hollow tubes in the same way, and a welded blowhole would: lie more 
favorably in either case than in the drifted rings: Gun tubes are not made 
from blown ingots, but blown ingots of mild steel ate consciously. made 
into billets and blooms for tubes and gas cylinders. | Whatever .commercial 
warrant there may be for this practice it would appear to be undesirable 
metallurgically, because ‘blowholes induce segregates, and are unde- ~ 
sirable mechanically because the incompletely welded cavity decreases, the 
resistance of the steel to the working stresses: 
- There seents 'to be little doubt that sulphur has been blamed, for defects 
due to other causes,’ and one wonders whether this segregate in particular 
_is quite as harmful as it is made out to be. Take, for example, a piece of 
boiler plate which has laminated on flanging. The metallurgist. applies,ia 
piece of acidified photo paper and produces a sulphur print. (Fig, 11), 
showing that the defective’ part corresponds with a» segregated area. 
According ‘to text-books segregates are known ‘to be. harmful: and high. 
sulphur ‘is reputed to cause red-shortness.’':The inference is easy, but the 
obvious explanation is, in many cases; not the:correct one: It:is:true that 
sulphur compounds segregate. in steel; so»do phosphorus, and so also:do 
carbon compounds. Of these the one most: easily detectable; and almost 
invariably ‘detected, by the method of ‘sulphur: printing is» sulphur, but 
not therefore ‘necessarily more’ culpable ‘than either! phosphorus: or»carbon. 
Further, in: perfectly (except ‘perhaps very large ‘ones): mass 
segregation is not possible.’ In such ‘ingots’ as ‘are ‘practically ‘sound, that 
is to say, in’the best type of commercial ingots, mass’ segregates are found 
only where there are, or have ‘been, ‘cavities. ‘Thei pipe ina piped: ingot! is 
lined with segregates and most’cavitiés blown are distinguishable 
in the forged blooms’ by the segregates which ‘filled, or ‘partly filled,’ the 
cavities in the ingot stage: -ghigiol 
On reconsideration of the laminated’ boiler’ plate: we must’ ‘regard: the 
dark cénter part on the sulphur’ print’ first: as ‘evidence that the ingot: ma- 
terial, from which the defective article was made, was piped. The sulphide 
segregates enablé’ us to draw this important ‘conclusion; but <whether the 
segregates as'a whole have aggravated the defect’ depends ‘on whether or 
not they have interfered with the chances of the pipe welding up) The facts 
are broadly the same with respect to’ spot segregates: ‘In either case; that is 
to say, in relation to both axial segregates ‘and ‘spot: segregates, the real 
cause of the trouble is either pipe ora blowhole) and isnot reasonable 
to blame 'the segregate; which in the naturé'of things gets: squeczed? into 
these’ cavities; unless they interfere with welding. A’ series of five cracible 
steel “ingots containing from 0.06 per 'éent*to 0.17 per cent sulphur, ‘but 
otherwise similar in composition, have’ been’ prepared in’ order to’ observe 
the influence of sulphur’ on the ‘welding ‘figure. ‘The ‘results are ‘tot ready 
for publication, but so far’ as* they’ go "they show that either in’ the rolled 
condition or in the hardened dnd ‘tempered condition the high sulphur’ steels 


weld as well as, and on the whole rather better than low sufphur ‘steels. 
This, the general experience, leads the author to assume that of the seg- 
regates themselves, the least harmful, taking all things’ into 
probably sulphur. By pure chance it happens to be easily detectable, and 
it is thus forced to turn king’s evidence against its associates. 
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«It would:(be something of, a paradox. if,; presuming it could be entirely . 
eliminated, sulphur were after purposely added 


‘inorder ta:serve as witness. sulphur. print;of an ingot section is one of- 


the best records of the conditions under;which an ingot is formed. It 
may: indicate: the casting! temperature; whether. or. bottom casting 
methods have been used; whether blowholes. later. filled up. have existed 
earlier in the partly fluid. ingot; and! many. other useful things to be the — 
observant investigator. It is by far the most valuable means. available for 
determining: whether a forging became.axially unsound on hammering, or 
was made’ from piped. material.!. It indicates at.once, the, presence: of spot 
segregates in’forged:or machined articles, and, either facilitates the machin- 
ing or suggests that the material. should be scrapped, and finally. it is an 
indispensable touchstone for the! careful. steel-maker who. is, making steel 
for such’ special-purposes as rifle barrels. nearly every case a. sulphur 
print is less valuableas an indication of sulphur, than of more harmful 
things of which its presence. gives warning..(A sulphur print.is,.worth 
many sulphur determinations, and we: could, hardly. spare. the tell-tale 
sulphur altogether—we might then have to add sulphur to our. steel as we 
know’ nothing ‘so voluble, so reliable, and.so harmless ‘which. would serve 
the ‘purpose equally well. cin aed atilge tatiad 
Very few experienced: observers: will, doubt the, possibility of pulling 
apart welded faces in objects made. from. blown ,ingots....The author be- 
lieves’ that :it can: be done, always, providing, the steel. in which they occur 
is tough or can be made tough by heat treatment. Iron,and, steel lumps 
from which’ bars: for: machine knives..are made. are: produced, by casting 
very inild steel against the face.of very hot.tool.steel. In the lovee or 
rolled. bar: the inter-penetration is considerable (see Fig,.12)... The. two 
materials, however, can be pulled, apart along the, original, faces, Three- 
ply steel, such..as.is used) for making plough mould boards, is probably 
produced in a.similar way, but)the rolled sheet: can, be split. andthe iron.core 
separated if the sheet be first: toughened. by hardening,and, tempering... 
billet. be drawn down atone end, into.a bar,the unforged part of the 
billet. maybe worked up.and down. in ,-fluid steel,as.it rises in .an, ingot 
mould, so ‘as ‘to heat the billet and drive off adherent gases... Such a billet 
may.‘then be left in the:upper.ipart.of.the.ingot in:a. highly preheated and 
clean condition. After forging that part of the ingot. containing..the:billet 
may’ be:rolled: into flat such bars may be tested... After this pro- 
cedure corresponding with the: original billet.section. may always. be 
(From. these, considerations .one..would. expect. that. impact test-pieces. cut 
from, ithe center 'and from the edge of a.flat. bar. rolled from an ordinary 
ingot would frequently give different results, : Such differences actually exist, 
and..moreover the difference is,most, marked. when the, bar, is taken. from 
that part of. the ingot which .is unavoidably, least’ sound, .An ingot cast 
wide end, provided withi an. efficient feeder . head. is—omitting 
feeder, head-—most nearly perfect.in its bottom third and: top fourth; it is 
less perfect in the, center of its middle half... These, facts are.clearly, dis- 
cernible in a sulphur print made from a sound ingot which has, been sec- 
tioned longitudinally through its center.) Quite. in,accordance with the sul- 
phur, print, indications, one finds that: variations, in, impact test-pieces cut 


; 

ii 

rom, the; edge.and center, of flat-bars, are,greater jor less, according,as the 

i bars. have 'been_made from the middle or one or other extr 
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‘THE PREVENTION OF SEASON CRACKING IN BRASS, BY, THE 
“REMOVAL OF INTERNAL STRESS 


By Moons, O. B. B. Sc., F. I. C., and S, Becxixsaz, B. Se, ALG 
Communication from the Research, Department, Woolwich. 


In the work now to be described specimens maintained in a state of stress 
by external constraint were annealed at temperatures from 200 degrees to 
325 degrees C., and the. tensile. trees, the amount of which) was- known be- 
fore treatment, was-determined after the-treatment»had- beer applied. 

The work was»tonfined to 70%30-bfass substantially free from impurities. 
Strip cold-rolled from the fally annealed condition to hardnesses of 
120, 160 and 200, respettively,..without further annealing, were used. 
strip was well prepared from one ingot made from electrolytic copper and 
zinc, both of high purity, and contained 71.2 per cent of copper. The 
Brinell hardness of each strip used was determined with a ball of 1 mm. 
diameter and a load of 10 kg., by meatis of the machine designed in the 
Research Department, Woolwich, for the determination of the hardness of 
thin material, and described elsewhere by one of the authors.f 

When a flat strip is bent into ‘the form of an arc of a circle, of radius 
relative to the thickness of the strip such that the elastic limit is not ex- 
ceeded, the external surface is maintained in a state of uniform tension, 


the intensity of which a be calculated a the well-known bending 
formula. 


Et. 


r 


= tensile ‘at the’ outer outer surface, 
= thickness of ‘strip. be 

t= radius of curvature.’ g 

Evwas detertainad as 7,300 tons per nite for 70:30 ‘cold-rolled 

to 160 Brinell. hardness, .:That the. stress. does not.exceed the elastic: limit 

may be established by return 1: the strip to: its: original | straight,/form: on 


,\maintained. in the-bent form by external 
conetedint, is similar to that oft an internally, stressed brass object the ex- 
ternal: surface of which is in tension, and)it’ may be assumed that the 
stresses will be reduced by low-temperature. annealing in the same. manner 

as in the case of internally-stressed objects., It would appear that, the re- 
duction of stress by heating is due to slight yielding of the material taking 
place at the higher temperature... 

When strip: bent: inthis manner, is heated. for timesshote 
certain temperature, allowed, to cool, atid then released, it: will 
remain, jin. the. form or.return more or. less completely. to its original 
straight forma according as: the. initial. stress has, been: entirely removed: or - 
reduced: to.a smaller or: greater, extent: .If the form of the:strip:on 

is) an circle, having:a radius, greater the: 


ted 
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of the arc to which the strip was originally benit (see Fig. 1), the tension 
p: after treatment arid before release may be calculated by application of 


Geez) 


is the remaining stress in, the surface after, treatment, before cease, 
The procedure adopted was to maintain in the bent form a length of 
strip, elastically bent to the form of an arc of a circle, apply a given heat 
treatment, release after cooling and measure, the radius of the arc which 
the strip assumed. The initial stress and remaining stress (before release) 
‘were -determined ‘in the manner’ indicated above)’. In:alb:cases ‘the: med 


assumed. by the strip:on release was: that of an! arc of:a‘citcle: 


In order to: obtain different initial tensions with a constant radius bf arc 
sheee different thicknesses of strip (0.02 inch, 0.015 inch and 0.01 inch of 
‘each’ of the ‘three different ‘hardnesses (Brinell mumbers 120, '160and’ 200) 
were ‘employed: was found’ by: trialthat a*circle of inches'diameter 
owas’ ‘the ‘smallest to which’ the softest brass used’ (120 Brinell mumber) 
‘could ‘be: bent when ‘of the maxithum: ‘thickness ‘used: (0:02) inch), without 
approaching’ too: closely” ‘the elastic ‘limit, beyond: w hich peemanent: de- 
formation: would! result: rile 2 

The lengths of strip were tached at end: ty: steel dormiers: 
a diameter! of 7 inches, ‘by! of small ‘blocks “having” an ‘internal 


‘tadius of 3.5 inches: The strips: were 6 inches:long‘and 1 inch: wide; ‘In 


order: to’ confirm no°case was permanent deformation; ‘produced by 
the initial stress a. number of strips ‘ofeach: hardness and each thickness 


| 

for ‘avlength of'‘time*equalto that of »the “longest: treatments’ On ‘release 
all returned to the straight form. 
| __ The heat treatments were carried out in a bath of molten carnauba, wax T 
‘(described in ‘the appendix) the temperature of which was maintained. by 
a thermostat within + 0.5, degrees C. of the temperature.aimed, at. ..The 

Protracted annealings (exceeding. 24 hours).,at: 200 degrees, and. at, 225 

| grees C. were carried out in an air oven uniformly heated by means of a § 


jacket molten ‘carnauba. wax, In: this soven the temperature variations 
were somewhat:'greater ‘than in: ibut 
ture vise ‘more: 4 degrees C. above that stated. 
vin. tabular: form and typical: tesults: ‘shown 
graphically. in the. paper:' The effect of similar ‘treatments: on Brinell 
rdness of identical pure 70:30 brass strip cold-rolled to Brinell hard- 
nesses:of approximately 90, 120,;:165:'and 200 was also: indicated,: In these 
tests, also made: inthe machine bellied 2 mm. diam- 
eter:and: asload:of 40-kg. were:used:. 
- Mechanism: of the Removal iof: Stres. by Low-Temperature 
It has-been pointed: out above ‘that the removal of stress. in a specimen 
or object::which remains unaltered im form canbe brought’ about: only: by 
the occurrence: of; plastic: flow: correct to state ‘that 
when stress is removed: in>the manner: under: consideration : the elastic 
deformation becomes permanent deformation; the extent of’ the ‘removal 
of stress depending on: the:extent to which’ the’ elastic:deformation becomes 
‘:It-follows: that stress canbe -reduced heat! treatment:only 
lowering of ‘the ‘elastic limit:-below: the initial stress. The: lowering 
of thes elastic’ limit may be,and suitable treatment: is, only temporary, 
the elastic, limit rising: cooling after heat-treatment! will: be 
seen indeed that the ultimate 
cases! to raise the 
brass: by low-temperature) annealing depends :on the changes in. the elastic 
Properties: which. occur: at temperatures in the:range of about.200: degrees 
to 300 degrees. The :authors, have. carried out 4: number of experiments 
‘for the investigation: of)-these changes:and although the work: incom- 
lete ati present they consider the results so far obtained to be of sufficient 
interest, to ‘justify: their, inclusion’:in this: paper, The .experimentshave 
pe 0 carried out. on specimens cut from cold-rolled 70 30 rowed plate of 
ut; 170,Brinell. ;hardness:.andshave : 
(1), Determinations -load-extension in tensile. tests: onde 
at..275. degrees and (800) with 
tion made, at; 17. degrees 
(2), Determinations: of ‘net gives Joads 
Determinations of|:load-extension diagrams: in) tensile tests ‘at 17 
degrees C,, after treatments at 250 degrees, 275 degrees, 300 degrees dnd 325 
degrees, C,.,to. determine how. fer; (1) were tem- 
porary. or permanent. ni nots ad 
The Ewing extensometer pending 0.000008 ‘inch»on: 
length of 2 inches, was) used for tests carried out at ordinary’ 
while..a, extensometer described: in; the: 
forth high-temperature tests. | The: electric resistance furnace 
in (1) ae oy) is also described in the appendix. All tensile: tests: at 
temperatures .and)treatments under: load: were ‘carried’ out ‘in. 
Ams vertical testing: machine)!» 
‘The actual of the brass sed. was. 72.6: per cent The 
“plate: was: 0.75-inch; the test |pieces were: cut longitudinally, 
were circular..in section and. were 0.504 inch 


the exten sion diagrams at, at: high: te 
 tast-piece, enclosed..in the tube’ furnace; placed 

¢: vertical testing machine, the exterisometer. was set and the tempera- 

ture means of: a; thermocouple fixed) in contact with the test+ 

oto thei requited degree. When» steady ‘conditions were 

: ted by steady readings: on the extensometer dials, load was/applied 


| 
J 
j 
| 
{ 
if 
| 
i if 
i 
i 
2 
| 
ug 
i 
if 
ii 
~ 
; { 
Io 
‘ 
f 
} 


146 NOTES. 


inicrements: 1:ton oper: square! inch 
taken‘atieach lircrement.: Each test occupied about \15:minutes;from com~ 
mencement of loading. ‘After a:sufficient number of readings indicating a 
considerable: departure from “proportionality: and) thus:a large: permatiént 
‘extensometer :didls' «were and the: test-piece:' was broken 
at the same ‘temperature, Gitie e2nid to ze 
Duplicate tests: carried: out (at each’ temperature | gave!-results iagreeing 
very. closely ‘with the figures sim 'the table: found: that: correspond- 
ing departures from proportionality of strain:to stress oocurréd: dt: much 
lower: loads: than:.at' 17\ degrees °C. 
still: at300 degrees*C.. The amount. of! permanent) set,’ judged »from 
these! results, :doés:not} however; appear ‘to: bé:sufficient:to dccount»for the 
extentiof reduction of’ stress; which: ocdurs’at' the'témperatures tried, «in 


the annealing of«sttips' initially stressed: by bending) 
vthe! ideterminations! of permanent setunder loads: maintained for 
given: degrees oC em: 'was 


marked :by fine ¢rossés on test»pieces of the ditiensions as°used ‘in 
(1): (diameter 0.564:inch: over a length ofi2:25 inches) ::'This was ‘measured 
with: ‘measuring: microscope reading ‘to 10:00004 The! test-piece;!ien- 
closéd.in’ the : was gripped ‘in the testing:machine, and was heated 
to: degrees Uniform ‘heating ‘anda osteady' temperature »were ‘‘at- 


tained in 30 minutes from commencement of. ‘heating, «The! given load-was 


ther) applied: and: maintained: forthe: stated! time: while the temperature:was 
held:lat 9275 Each “test (was: carried: out! ‘fresh! 'test-piece.- 
Useful indications of the«rate!iand amount: of» extension: 
thestest» were! given ‘by: the load-indicating! dial ‘of testing ‘machine ‘and 
by: the’ adjustments ‘of! the ‘straining ‘screw requited to maintain’a ‘constant 
load.‘ Phe: treatment ‘the test-piece:‘to which ino load’ was applied 
carried: ‘testing: machine) im the” ‘same’ the lower 
grip disconnected. balot-bloo mort” tuo 
It is evident that in the conditions of these under 
a 'constant ‘load: continues 'for:some' time at? temperatures’ /similat ‘to ‘those at 
which internal stress'is reduced;rand:that ina given’ time’ of) maintenance 
of load permanent extension begins at very small loads and inerdases with 
iricrease of load. Indeed>:a: slight ‘increase’ of) fength: occurs 'treatrnent 
for -30-minutes at 275i degrees C. with no: ‘loadzon, “This ‘has ' been! ¢on- 
firmed by repeat experiments;::It would‘appear’ that the ¢hatiges!oct 
in brass: when’ submitted 'to this 'treatmenit; changes w 
include:an increase hardness:and>in ‘range of: elasticity; are accompanied 
by a slight alteration in dimensions. This is a matter ‘which ‘denianids 
further: investigation.) 0) as 
The:gradual flow! which takes place under  Idad°at thete pares uhder 
consideration: explains! the: reduction of! stress” wht 
when internally for’ similarly ‘stressed specimens “are are heated! vat! thése 
C. the elastic limit of brass degrées’ of fur 
lowered.» ‘To: determine: to what’ extent’ elasticity is) revered’ Gi’ coddling, 
pieces ‘were maintained for-ivhour at! 250 degreés; 275° degree: 
and to'\cool’ and imvachined' t6 the “for 


identical with those described in the two preced 


dsextension/ diagrams «were then‘taken) "tHe 
tusedi The results: showed that ‘after treatment for ‘time: not” 
hour, at ‘temperatures ‘below '300 degrees the! range of elasticity’ in 
sion is! certainly: not: lowery than) before: treatnient.” 
grees and 235 degrees €./has°considdrably raised the 'timit bropors 
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‘Brinell' hardness ‘tests were! made witha:load: of kg. and.a 
‘10 mm. Az! test-piece ‘treated: at-250 degrees,.C. was 
initially somewhat softer than the others; forthis: reason: it considered 
fhat the apparent slight fall in de- 
grees'C. should be disregarded!) movin 

this’ portion’'of the paper, the authors are aware: thati questions) arise as.to 
the real ‘nature’ of elastic ‘properties fof -.cold-worked:| material, the 
definition “of ‘limit of sproportionality,” yield-point,” ‘and:other terms 
ased) liysteresis in repéated ‘loading of ‘such! material; the: mebhanism 
of the ‘process of “recovery” of elasticity brought about: by Jow-tempera- 
annealing, and other ‘fundamental: problems: on which present: kvow!- 

e is’ incomplete. ‘The ‘authors have avoided:the ‘consideration: of-these 
itv the present paperias being» unnecessary in their: presentment of 
peritnentaP ‘facts and of ‘a 2working bar the: reduction of: in- 

ternal’ stress: by! Slow-temperature: annealing. 

Summary: ond Conelusions—The: ‘of istress: by: ta~ 
ture annealing has been studied in. 20:30. brass cold-rolled to 120, 160 and 
200 Brinell hardness, in elastically, : atest-strips of each hardness, 
initially stressed to 11 tons, 17 tons and 22 tons per square inch maximum 
Srees;; 250: degrees, 275. degrees, 300. degrees, and 325; degrees 
four. variables, ‘tem time, hardness and. i 

‘ately determined, ;, results, m may as folloy 

he rate of- eduction of stress,is y.,fapid at 200 degrees C.. 
first, but becomes very. slow, when, the, stress, has been reduced fo one-h 
to one-third. its initial. value and stresses, Fema even, after, treat- 
ment \for24-hours,or Jonger..... 
As the: temperature is Taised erate of re duction of stress 


but. shows; the. same as stress 
300; dewrees.C. a very: much; sho: is required, to. 


to a given figure than at 200 yall id the oe stre ach 
ia aren fiend at ithe, higher brass. same: 


The higher the: initial. ‘stress, ‘the higher is. athe rem 
a given, treatment, in. brass, of, the; same: 
stress removed .is.greater.the higher the. initial 
higher, the: hardness of, the. brass, te 
words the given treatment. and; for ):a..given,, int 
duced .a' ven, temperature 
x reduetion, in, of stress, is brought 
nealing;:conditions. (temperature, and, time) | which, raise; the dness, of 
cold-worked 70:30 brass,ibut, treatments, which result in, some. re 
necessary, to,bring. about complete of stress... 

(6) At temperatures,,in the, range 200d $0, 300 
plastic flow occurs in cold-worked brass at fow stresses. The CR ee ° 
flow is temperature: is: ithe: stress’ greater and the 
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lower ‘temperatures; ‘The: limit of. proportionality. coed these 
limit are*raised considerably. by treatments which; do! not 
limits of temperature and time: 

“results obtained ‘and: summarized. ‘above: confirm. and ‘extend the 
lier work of the authors given in the (Proceedings: of; the. Institute of 
By .a suitable low-tempetature annealing internal stress. in 70:30 

brass tray: be an sextant eliminate the risk of 
crac without injurious effects: -on. the properties 0: 
brass. By ‘guitable ‘choice reasonably accurate control of the tempera- . 
ture ‘arid time of the treatment which reduces the: stress a’ Aimit; 
mechanical properties ‘may. indeed ‘be: improved. , 

- Preliminary experiments carried: dut:by the. authors on, (60:40 and, other 

brasses ‘suggest that’ this general conclusion:cam probably be ‘extended to. a 
industrial It would. therefore appear: that 
brassoresulting» from internal:stress type .of .failure ;which ‘should 
entirely eliminated by the application of. a suitable:low-temperatuse, 


WAX) BATE, FOR. LOW-TEMPERATURE ANNEALING. 


apparatii, which ‘is suitable for treatments at in the 
range degtées to 325 degrees C., Consists of an’ ¢lectrically-heated’ bath 
containing carnauba ‘wax, “a thermostatic’ control and a ‘temperature: 
with’ controlling rheostats, ammeter, &c. 
his is’ a‘ lagged ‘sheet steel cylindrical vessel: "The ‘heating ete: 
‘of' ‘two square’ uralite ‘frames’ ‘on which’ nichrome wire of 
No. 18 gauge is wound. These frames, connectéd’in Seriés, fixed ‘hor- 
izontally near the bottom’ of the'tank, ‘and“are ‘separated from ‘the’ tank 
and from each’ other by ‘stitable’ insulation. ‘Three’ inches ‘above’ the frames 
a perforated ' sheet steel false ‘bottom is ‘fixed. /Carrent is trots 
a 250-volt circuit!’ 
static is’ in’ ‘prinetiite 
having a large steel bulb, and a fine steel tube lined with a closely ‘fit 
tube. A “nickel wire passing into ‘the’ silica tube is fixed wit 
the’ lower’ at any desired height the’ tube.“ Contact ‘of the ‘mercury 
with. the wire completes’an electrical circuit, which ‘by means a solenoid 
actudtes “a tiercury switch and breaks the heating ‘Circuit: When ‘the! tem- 
perature fails.'the ‘solenoid ‘circiit is broken ‘by’ ‘the’ mercury. leaving the 
wire;“and the’ heating ‘circuit is restored)! 
Temperature Measyrement, &c.—Standard imercury: ‘thermometers werk 
uséd ‘and ‘anit hic ‘records were taken by means “of Cambrid 
thermogrtaph. Throughout ‘all treatments the molten wax was continuously 
stirred by means ‘of 'a motor-driven rotating paddle?) 
‘The formers to which ‘the ‘strips were’ attached for the ‘treatments de- 
were in the molten ‘wax!’ de 


of two ji teel. ‘Frames 
Sands teed to a steel yore by, two tods, fength at- 
tachment ‘to test-pieces of di t length. The yokes are the 


imen by means of four hardened high-speed steel screws. 
s on the upper frame Aimes ‘dials to’ 616001 
inch, the pistons of which make contact with two adjustable polished steel 
platforms carried on the lower frame. : 
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‘anextensometer of this. type: uniform :symmetrical:'stretching of 
thé test-piete' causes an movement of: each) platform! from:its cor+ 
responding dial. If the stretching is accompanied by any twisting or 
bending of the test:piece the dial readings will ‘not :bé equal; and: the :read- 
ing. of one dial may even be riegative.' Accordingly the extension taken 
as halfthe algebraic ‘suni: of the: readings of the may: be 
noted,' however, that’.insthe tests: which have so far ibeen' made: with: this 
instrument the differences between the readings of the two dials:have been 
relatively quite: small. As, may be noted! :ftom the readings. given in: the 
paper; satisfactory agréement between this extensometer has been obtained 
in tests.made on identical, test-pieces at atmospheric. 


furnace, the ends of. which were: plugged with asbestos wool. The 
arms x the at atmospheric temperature—“ En- 
gineering,” May 27, 1921... 

is still little’ admitted that the’ two'cycle engine’ as regards the height 
of the exhaust ‘temperatures is much’ more’ favorable’ than ‘the’ four cycle 
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engine. the: decompanying diagrams the ;temperature /the 

Targe four and. ‘rele. are: represented a8 functions the 

in Winterthur who, as is known, build both: four and two. cycle engines, and 
therefore: have: learned correctly estimate, the advantages aid disad- 
vantages’ of both systems. temperature of: the; exhaust gas:in: the two 
eycle engine ‘is; acco ‘tothe load in round numbers 120 degrees: to: 250 
than ‘that of the four:cycle engine! |: It. remains, -with a 


temperature» f approximately degrees. ati overload, within practically 


easily controllable ‘limits:'' Exhaust ‘pipes ‘in! darge two eyele engine iplants 
therefore never attain the temperature of hot steam inlet pipes in steam 


SOME’ OBSER\ VATIONS ON THE KITCHEN RUDDER: 


Considerable interest is being, granites in she launch Abertay, which 

is beng on. the of Tay, Scot a ferry “Tayport 

and: Broughty-Ferry, as, she, is equipped, with a ito demon- 

qualities with,.an engine, which.» Operates, in; the 
motion only. 

"The Aber Abertay Works.of T is 

3 wi raft of 1 “Feet fo “tant d 


7 feet. -beam, 
‘light, propelled by gas. en “with 
$ 
f 


ag. abo} he: is arrangeit: with 

sea boat int alt kein 


.Will-be'a flow of water the 
‘vessel. has ance they on. 
his in mast: possi 

onfy are in the propeller race but entrain it. 

essrs..D.! R.'B. Scott. of Abertay Works~made a series of trials to 
in of ithe Butchers radde ph 
“were taken from ithe Tay vertica Positi 
eee m illustrates the various positions: of the fitdder and the 
tant euvering qualities, and by comparing the samé-with’ the 
direction of the: wake will bearout the diagram. 


fall speed ahead! to a stan till can be accomplished in less” la 


boat's length, and from full speed al | the boat’ can be stopped in about 
mek th a half times her own length with the engine not running. In turn- 
it was found that she wouldimake a complete circle ata radius of about 
30 feet. i in 40; seconds, starting from full speed: In swinging astern, with 
bert over, half a circle can be act 
ius equal-to half the of the boat, 


type of. rudder, his without changing the direction or 
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‘Acwalluable asset: in: favor of:the rudder, which: cannot: be overlooked in 
the cas¢ ofia high speed\enginerequiting a propeller witha, low pitch is 
that the efficiency: is: not in batking) as the engine always,tuas m, one 
direction: while! with: an, ordinary) ‘reverse geat the low pitched.; propeller 
would be:very dnefficient for backing if) properly, designed, for: going ahead. 

_Experiments, with Kitchen rudders have, shown. a. gain: in. propeller effi- 
ciency: when ithe «rudder: is partly. iclosed.': With,the «same: power. applied 
there | béen ‘a-uniform in: sp¢ed, of approximately: five to, ten. per 
cent over’ that obtained -with: the: ordinary rudder}; but the exact; amount 
gained with ithe:rudder closed: is amatter.of -experiment,;for no two; boats 
seem: td: give ' thé! best results; with! the, rudder closed the same amount, 

‘In conclusion it might! addedthat when a boat, is equipped: with a. 
Kitchen sudder: sand >in: thé hands::of-a’ skilful; ‘control is: almost 
Marie: November, 1924.) 6) aw 


suspension’ of! work’ the four British; ships’ iis: the: 
development which has’ occurted since the American’ was announced: to 
ld. was, webelieve wholly unexpected) people’ imagined 
that "pious ‘avowal would 'so rapidly be translated: into:a: fact, and there:is 
still’ much ‘perplexity’as' the reasom which inspired the hasty action of the 
government,’ It is considered imiikely' that the proposals :will-be accepted 
without modification. *Amidst alt the enthusiasm which they have evoked 
it is' ‘well to remember that ‘they ‘were drawn ‘American statesmen 
and Amiéfitan faval officers; who were doubtless guided:as much’ by con- 
siderations ‘of national ‘interest! as by motives of pure altruism. :: That being 
$0} it! “be ‘absurd to ‘pretend that -we in this country ‘have ‘no: tight to 
criticize or’ ‘question ‘a! single ‘item’ an the program: Itvis> not 
but ‘our maiifest diity to! scrutinize ‘witty particular tare a plan which 
at detetmifiing’ British’ 'tavat policy over ‘long ‘period of years; 
theNavy is ‘still Empire's: first’ line! defense}! and: sea powerin 
whatever ‘sense’ the ‘phrase may be-intérpreted—remains, as:it has everbeen, 
thecardinal condition of the Empire's existence: If therefore, it wereifourd 
closeritivestigation that: any ‘part! of'the plan was: incompatible with: the 
maiitendndé ofa adeqtate ’ power, it’ would ‘be the ditycof 
those’ représentit (the ‘British: ito suggest the flevessary modifications, 
In these we | feel thatit would have been wiser: to 
<ontintie ‘work’ aporr the ‘ships if’ for to other reason that! the ‘order's 
for ‘material would Have reduced’ ynect 
Pheresis little! reason to suppose that drastic: will “be neces+ 
sary. The limits of capital strength appear to ‘be fair and reasonable’ to 
all three ‘parties withthe: possible exception! Japan;'and it is: mainly‘ in 
regatd tothe  propdsed’ allotment of icruisér*and' submarine tonnage’ that 
grounds fot’ cfiticism'exist: “Assuming ‘that’ cruisersare necessary fot’ the 
Protection” of sea-borne’ commerce—and’ nothing in the! ex ‘of the 
late the! ‘view-then! it the: British 
Empire, with its wf und its depen dence’on 
the safety of' the tharine highways, cotild legitimately lay: claim 'to'a> larger 
of such vessels ‘that is needed either by America It 
ains to be'iseen whether the American‘ naval authorities are willing to 
concede this claim; which’in our judgment ‘must’ be firmly upheld: In “the 
opening stages ‘ofthe tate wat we were seriously hampered by the dearth 
of fast cruisers; and had the enemy displayed more enterprise and boldness 
he might have’ made’ us obey ‘heavily for our neglect to provide.a sufficient 
number high-speed crui sing Since’ ‘we have no guatantee that! in 
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future’ ‘war ‘our’ would: «from: the attentions’ of 
surface raiders; like the*Emden and the Karlsruhe, the tisk must be mini- 
tized by keeping the ‘cruiser establishment at the: standard of strength 
recommended’ by our naval advisers; “It: seems to: us neither iprudent-nor 
feasible this country to ‘surrender the ‘right to take such precautions as 
may ‘be deemed requisite ‘for the protection of its floating: commerce, con- 
sidering the ‘vital ‘part ‘which’ that» factor’ plays: in» the lexistence. 
Exception has also been ‘takerl to the submarine proposals, but -for very 
different’ reasons.’ In’ this case the British view is not that America offers 
too little, but that ‘she offers too much: ‘It is a) fact that the suggested 
figure 'of 90,000: tons as the limit of: displacement for the British submarine 
flotilla is greatly i in excess of our present establishment, so that: in this type 
of ‘vessel it’ would’ be’ a’ case not ‘of: ‘serapping,” ‘but of mew ‘construction, 
it we wished to attain the prescribed standard of)strength. We infer from 
their very liberal allowance of tonnage that American naval experts set a 
high value upon the submarine, and in this they are doubtless right. It is 
a formidable weapon both for defense a offense, ‘bat as the nation which 
‘most from its; employment in the latter .capacity, Great Britain 
regards it, not. without reason, primarily as, an, instrument, of offense, 
one to which she. is peculiarly vulnerable, No secret is.made of the fact 
that our Government would welcome the total elimination of the, submarine. 
If that were agreed it would be considered; in; this country, at; by 
far; the: greatest achievement: the). Washington .Conference,,,, We, fear, 
however, that the submarine will not be got rid of so easily. ;: ‘When, tenta- 
tive proposals for its abolition were put forward, at the. Peace Conference 
they met with such uncompromising, opposition, from several quarters that 
they! were not pressed, It was pointed) out) thatthe British objection, to 
the ‘submarine was not wholly disinterested, that it, was essentially the 
weapon of the weaker: maritime; powers, and, that its disappearance .would 
simply confirm the supremacy of the: dreadnought, which, only. the. richest 
states could afford to build. , But although these arguments would, not be 
difficult to refute, the real, point, is that: since, American naval opinion, is 
partial.to the submarine, would useless, to. discuss: the, question. of 
abolition... Nor, as: we observed last -week, would, much, practical, value 
were a. limit:to: be set tothe. dimensions, of future; submarines. It 
would’ be possible, without exceeding avery modest displacement, to endow 
acsubmarine boat -with ai cruising radius that: wee enable it to,act.as a 
commerce destroyer on the high; seas. ; The radius of.a submarine is sereely 
determined by: the physical and moral qualities: of its crew,’ 
many instances in the late..war..of,boats!,considerably smaller. than, 1000 
tons undertaking ocean voyages 7,000, sea.miles,,.a- performance; that 
would ‘have been thought incredible before the war. 
vo) Hf we fail to secure.at; Washington a. substantial reduction of, the, amount 
of submarine tonnage originally proposed in the American scheme, and. if, 
at: the same time, the Conference leaves its participants ;a. free hand in 
respect of; submarine dimensions,: the next, few years, will assuredly witness 
the intensive: development. of: craft,.The, United, States has 
just begun work on two: fleet submarines-which are said to :-have a surface 
displacement of approximately. 2000, tons,.and,.a sea endurance of 10,000 
miles. Japan is credibly reported to. be building even larger, boats, which 


-are.to!be of. exceptionally, high, speed, judging, from the, of: their 


Diesel engines, which have been ordered from a well-known, firm in Europe. 
And.on November ist the keel was. laid, at Chatham Dockyard of what is 
described.as the largest. submarine jever designed -for the British. Navy. 
To these facts must now. be added: the authoritative, thas, 
American battle-cruisers, whose construction. as. such 
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the limi ‘scheme, will,be completed. as carriers; each- with a 

83, and: accommodation’ for. torpedo'and fight- 

= planes. It would appear; therefore, that; if American, naval, opnion: is 

somewhat doubtful as to the possibility of maintaining perpetual peace on 

the seas, it is fairly confident that in-any:future naval mer Ne vember, 28 


and aircraft will the, roles.— “The | Engineer," 25, 

bre A.odt no: as onely ‘ade aist olithe 


dis to the New. Yo n 


out on, the 
ultimately resulted in Tyres Schroeder's. altitu: 
but to test a new. propeller and additional equipment on the Moss. hil 
char, r, which has been experimented, with ‘extensively at Cook Field. , 


and equipment. for use, at. high altitude. ontinu: 
ort is being made to develop pl: es which will be better than the. 


gh day was .ideal—warm.and clear+-just)the. sort of day the 

}, Fesults (are, obtained, at. altitude... The .warmer, the. igcthe better 
instrument results are obtainable,’ because the pressure-and density, correc: 


cutting; ut by. reducing: the. ordinary gas 
*Thes ‘feduced’ for the reason that in all previ- 
ous flights! I had: flown with! an observer, ithus making ‘it: necessary’ to! 
an almost double supply ‘of oxygen.» Roy Langham: had been: 
on all previous: flights: of ‘altinode, "but this: particular “case ‘was ‘not 
necessary for him to take’ ‘readings,’ ‘as ‘the: data’ to be» obtained “was: siich 
that’ I: could get it myself with very: few readings and observations; 
“The plane’climbed rematkably well: considering: the ‘original -slow ‘speed 
oropelle, This ‘propeller was avery large ‘one, having’ a! 
speed of only ’1,100'revolutions a minute;! reas ‘most propellers 
speed around 1,600, The density of the atmosphere eae with altitude, 
anda propeller turning slowfy ‘at the ground would: have great speed as 
the plane! rose more and more into theslighter air.’ ‘On one previous fight 
the propeller speeded up from 1,450 revolutions ‘per: minute at! the: ground 
to'2;400 revolutions per’ minute at '34,000' feet;: which was’ the ceiling of this 
particular flight;' ‘and’ ‘on another ‘occasion; ‘when ‘attempting an’ altitude 
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2 tions toward insuring reliability: of all. factors which are necessary to obtain 
safety and! comfort, when. undergoing: the hardships, which one encounters 
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flighty the: propeller flew the! plane’ in the’ ‘air “ait 


THe 


“For more than a year I have been attempting to iachian altitude higher 

than has previously been made, buton.all occasions something has broken 

while taking the plane up on the flight, and it has been necessary to descend 

he ve flown, off in the air, an ie propeller ost in 

e majority ‘of thes¢’ fights beet test flights around 25,000 
eet ‘for the’ ‘purpose of ‘obtaining data.’ 

verything ‘was Properly during the early part of flight 

As altitude was more 

confident: that ‘success’ be attained ‘because in all flights T, have made 


with ‘the ‘supercharger’ tione ‘fad ‘shown’ such excellent functioning duritig 


begat ig Oxygen’ at sroximat ly eet, . v 
at first in “order that “th ere ‘would, “sufficient 


icy. 

“J was well pr inst the cold. Over my iil uni “s 

r covered’ suit tnade' ‘Of down ‘and ‘feathers. On’ my "feet were. 

lined leather moccasins: My hands’ were covered with fur-lined gloves. 


_ My leather head mask was.lined with, fur,and an oxygen mask was at- 


tached to it. 

Phd: oggles were ‘separate and were ‘placed’ on the outside of the ‘head 
mask, >The inside of the goggles ‘were vovereé with a’ filnr of secret gela- 
tine compound which was ‘painted over glass.’ This ‘gélatine Cortipound 
is for! the “purpose of keeping ‘the’ ice from forming ‘onthe’ inside’ of the 
goggles. It is supposed to function in this Tepe hf = ‘temperature ‘of 
approximately'60 degrees F. below ‘freezing. 

together’ pressure’ f''2;300° pounds,’ I ‘had ' di! additional emergency 
coritaining pressure of' 1,500: “poutids, which ‘would! lead directly the 
flask through’ a) tube ‘into my ‘thduth: 10,000: passed through ‘a 
stratum Of clouds and-at 20,000 feet passed: through ‘another Which 
somewhat obscured the ground and hindered me in locating my. position 
with respect to the geog iets y of the ground. I did not feel any ill effects 
whatever until well bode: 000 “feet, as Iwas teceiving plenty of oxygen 
and: was: warm! enough, but asi the altitude! above 80,000 feet was reached a 
slight. ‘slowing: up serises-and- faculties, was noticeable: and this 
slowing, up increased altitude above this height was: gaimed.|, Any: exer- 
tion calls: for oxygen,' faculties: donot! function normally.) 

«of Tf Lwould: stoop to! make some adjustment I would: feel the.need 
for oxygen. This need is:manifest iby the objects:.on the ground arid: the 
instruments! inthe cockpit: hecoming and: shaky. Whenever :I-felt ‘these 
effects, would turn-on a ‘little, more oxygen, which was flowing well and 

« ‘this altitude ice breath the mask clogged 
the oxygen» pipe; for the: that;I felt: the force. becoming diminished 
and. began: to feel. very bad effects: from its lack. tried to blow. this out 
and ‘did. succeed; in: getting a) taste:of the ice; but, could not: act quickly , 
enbdiigh to. clear the entire: tube, so swung over to the emergency flask and 
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tore a! small plaster from the: side;of:my mask, placingothe tubé:through 
oct Ioqwas :stiperchatging -sta devel: at» 40,800 feet (indicated) 
and expected that flying on the engine alone I would probably reach:7,000 
or 8,000 feet more, but this was not the case. As soon as sea conditions 
were lost on the enginés ‘the power was quickly’ diminished and I could only 
get Wf. feet more altitude, which was the absolute ceiling of the ere “i 

ile hanging suspended at.an indicated altitude on the dial of ( 
the, plane sw and rolled and ye ‘on the | controls 


controls were almost usele his was fot 

as. pra ut, contro 

of this I pulled the irate slightly back in order to 


t even with this small moy: the bottom ‘see eas 
and: down it quickly: ‘seemed, to, drop 


Before could! make the proper dia 
480 quickly that there’ was fio ‘warmth in‘ cockpit 
radiator pipes running through it to warm the pilot, and a$'a' 'testilt # 
became much’ colder ‘in’ the’¢ t; Fesdltinig ‘fit’ ite On ‘the ‘inside 
of my goggles, ‘malting ‘me “alyost® blind for the itistant, could not 
handle’ the “platie” correetly” fora “short! time!’ was’ feeling weale' 
gy and'was afraid ‘of’ passitig out completely. 3d 
“My mind was not active and I could! sot "thine! and 
mal an to ustments 1 cou t down lower. 
Init yin ofdet to Where 1 could 


“ Instead. of being ai dark ben as:isi ease: at:the the:sky was 
very light in color, with but a slight blue tinge. There is fae morecsunlight, 
and: it far: ‘brighter ‘at this: altitude than: closer.to the -ground.-Another 
point; that I neglected was: pt fact that while; climbing. to the, ceiling I; was 
circling ‘around! thé ‘City of Dayton, | gradually: increasing the size! of circle 
as altitude. was gained: ih. order to always be within gliding distance the 
field or,of Dayton::); This :cir¢le.as altitide; was gained ‘incréased its: radius 
until at:theitap of: radius abont: sixty. or iseventy ‘miles... I attenipted: to 
keep. this,¢ircle round, with Dayton.as the center; but 'strong, heavy winds 
tended :to,:drift various; directions., I know: what these direc- 
tions! were for! the’ reason: that, my» ‘was not habe 
able:to:know: all; these ‘facts: i>»: 
Phe original ‘part of. the: ina very 
state, altitude was lost, elements of consciousness became. clearer, 
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and. at :about feet I'-was beginning’ to’ feel Hereol 
changed’ goggles and continued: my ‘glide toward ‘earth,» flying: around: at 
20,000 feet for a period of approximately twenty: minutes,’ in order that! the 
change in my ‘altitude: to :the yg too 


taxied to the Tine the boys 
the field’ were waiting, curious. to kn iow the result ts ot 
had been made on the hangar, the different mechanics betting i the: ait. 
‘Dr. Moss inventor of the won the he a 
of, 41,000 feet. The actual calibrated’ altitude 
the parogtsoh mate” feet, which est altitude 
ing has made. 
wish to again call a the’ fact, that flight is ‘but 


indi incidental in the « devel opment of superchargers underg ‘gone 


y the engineering division * a air service and is the finished and ‘per- 
fected work of this development. Sunercparwers an are in such a state now, 
due to me. deeeloptay department under Major T. H. Bane, Capt. G. E. A. 

A. Moss and. Adolph Berger, chief, of, the; power, plant :at 

they, should, be. fairly consistent at, high. altitudes 

uture,. 

Yet, in. my. opinion, altitude, records. ‘will ot be au ‘by. the super- 

s themselves, but by, the physical Canin ORs of the pilots... To, get 

much jhigher, greater. provision of some method, will. haye to ibe it 

will be impossible for a pilot: to, sustain. the. extreme hardship.’ Aerial 


ue of June 3rd we published an article in which \we fim 


mariz for and against stainless steel, as. d the 
to va ph we had addressed to a cotisiderable, umber 0: 

and other firms who had used or gt or were asin. the mat ie at 
position disclosed, it may be recalled, showed a wide opinions 


selves in favor Of af, 0 ° 
of minor usés of the material was recorded, but with the exception of table 
cutlery—there was no instance reported in which. it was being used on a 
large scale, although it was not unlikely in some cases that it might. come 
into éxtensive if: A tests then carried: ‘out gave 
satisfactory results. 197 
previous article thay: to ithe from 
the: user's standpoint, “although by way ‘of conclusion we' gave the’ views 
expressed by the original discoverer of. stainless steel, Mr. Harry: or 
on’ certain points raised by’ some of ‘our correspondents. ‘We: ipr 
to go’ further *into:'the case ‘fromthe’ makers’ standpoi seems 
doubtedly ‘to ‘be the fact that ‘some 'part»at least of) difficulties ‘and 
troubles in’ the use of stainless‘ steel is.to'be aseribed''to: the 
lack ofa complete’understanding of ‘its ‘nattire on the part: ‘of certain ‘users, 
“It-is important'at the’ outset’to ‘note ‘thatthe term: “stainless: steel”:'b 
itself should not be used as an exact specification:of’a particular: mate 
for: there are many: of ‘stainless steel ‘as there: are ‘of 
ordinary steel: In ordinary’ steel the ‘mechanical »properties' “mainly 
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upon the percentage: contain:| Thus a steel whichis 
tuibe easily forged’ and: machined should not.contain more than to’\40 
per cent of ‘carbon. For: medium ‘purposes, such as for use in the manu- 
facture of railway tires, springs, hot Retake tools, etc.,. the carbon ‘content 
ranges’ from 45: "per For:edge’ tools, taps and other! cutting 
implements, steels containing to: 1.0 percent carbon’ aré: chosen:° In 
the: ‘same: way stainless steels may be! classified according to their carbon 
content. »'At Brown *Bayley's' steel works ‘the following grades of stainless 
steel are actually made: 

Stainless ‘Tron Carbon; less than :per cent. Pensile. strengths; 30 to 
70:‘tons,: according ‘to forge, drop | ‘stamp, machine 
‘work cold: 

Stainless Steel:—Carboti; 2 per ‘eent.: Tensile 
80 tons’ ‘Easily forged under power — Can be hardened and used 
for cutting tools for soft:materials:: 

Medium: Stainless Steet+-Carbon,).2 to: 8 cent. Tensile strength 45 
to 90'tons. “Too hatd''to forge hand, ‘but can be forged into’ 
shapes ‘under’ power hamimers::° Intéfse air hardening ‘property: Must be 
carefully cooled. Suitable for ‘and durable cutting tools: for 
hard-wearing surfaces.’ © 
'oStainless Steel:—Carbon, wi Anper Tensile strength 50: to: 110 
toris. Forgirig’ qualities, médium ‘stainless’ steel, 

‘Hard Stainless Steel—Carbon;* over’ per cent. Difficult’ to 
great strength ‘at’ high’ Stains ‘more’ easily’ than 
milder varieties. 

“That'the mechanical properties ‘of the ‘dbove different: of: stainless 
steel! ate varied by varying’ ‘the*carbon ‘and ‘not the chromium content may 
perhaps ‘surprise ‘some readers.’ Yet; as is shown in the following typical 
analyses, the chromium percentage can’ be: substantially in’ 
having ‘very’ different mechani¢a} pr ak Das net 


Stainless Mild stain Stainless 


Sita tor” 


Im the course of our ‘previous article iti was 
the commionest; “ faults” found; with, stainless;steel was the alleged difficulty 
of forging: it. From -what has beensaid above, it will be: understood that 
in: all. probability those who found this difficulty. were using an unsuitable 
quality: of the steel. desirable that the makers’ views.on this 
question of forging should be, made. known, to possible users...) 
Stainless: iron; the material; with lowest, carbon content, forges, it is 
stated, as:easily as an ordinary: steel containing .45. per cent of carbon, As 
the. carbon content increases, forging ‘becomes more, difficult until withthe 
hard ithe almost as. troublesome:.as.jin the).case. of 
tee To: illustrate! degree to ‘which, the carbon. content 
ects thes qualities, the, statement may be. quoted: that. four.to six 
times.as.much (work may: -be .done joni stainless, iron, at as, 
ordinary stainless steel. tainless iron may be easily for 
such: diffidult objects: as .spurs;; but. for large articles. or. articles 
of the harder varieties of stainiess steel.a-power hammer. is indispensable. 
Theitempetature! at: which: the forging is carried out attention 
in all the varieties. . the ma- 
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terials) can» be forged by':rapid blows» without: danger.of splitting: But 
below 850 degrees to 900::degrees the ‘deformation; becomes more diffi- 
eult;:;and: if; with: ‘the: bejunduly 

Stainless! steel: ati: ‘temperatures: between : 1000. de-+ 
gtees and |1200;; degrees C:, but»fon.drop stamping: the»makers recommend 
theiuse of, stainless |iron; ‘ads with it) the wear dnd:tear)on: the, dies»is :mucl: 
reduced, {It sis) advisable: to the in» pres 

After! forging»or diop stamping, steel, ‘if ailowed in \the:air, 
will’ be: hard.:: The hardness attained will:depend: upon the ¢xact:composi- 
tion of the steel, the temperature at which it is forged or starhped;,and ‘the 
sectional.atea of the finished «producti. It)may—vary t0\500 
Brinell;: and: being! of a-more:or: less: uncontrollable, nature, should not in 
general be relied upon to secure a required: degreeiof hardness. Whatever 
hardness: is desired should: be obtained -by:a separate treatments 

Td: ithe: steél is: required) soft! condition suitable! for! machiaing, it 
shouldbe reheated: to, 700 degtees: or 750: degrees, hour.and 
allowed. to! cook: im: the ait,;-or quenched: in oil or wates. It)can be,made 
still softer by heating it to 850 degrees or 870 degrees::C. followed) by 
very ‘slow. cooling; -but im this. condition, like all annealed steels, it. 
machine as smdothly- as:with the>first: treatment. It is;.worth; noting that 
ifthe steel:is.subjected) to the first treatment; it-should be .magnetic when 
withdrawn) from:the furnace.: it not, | its; 
the soaking has not been sufficiently 
Toi harden, ‘stainiess, steel -it- should ‘be -heated;-to about:920, 
and: (1) :cooled: in: the -ain'if the ‘section’ is:smallor the degree-of hardness 
tequired. is-not:great }(2),quenched: in-oil if the, article, is of; large -section 
and simple: in design or:¢3); -quénched»in: water, ifthe article;is of. sym- 
metrical section and able to withstand great) stresses. A. hardened «stain- 
less steel object may tempered by reheating it to various temperatures. 
It should “be parti¢elarly 'foted that the: usual scale of colors is not appli- 
cabl& to stainless steel. tempefitig operation is best carried out by 
meatts.of a salt bath the temperature of which is controlled by,.ai-pyrom- 
eter.c:It is a peculiarity of stainless) steel that after being hardened it 
may ‘be reheated to temperatures 500 degrees C. without, any | great 
effect:.on its hardness.! Within this: great range, therefore, itt be 
to increase‘its toughness without softening it, 

The effect of cold working on stainless steel is another matter requiring 
the closé attention of users. ‘Whatever ‘opiniioris ‘to ‘the contrary may have 
been expressed; it’ is ‘undoubtedly trae! that the material ray 


into Wire; or madé into: weldiess "drawn ‘tubes: It is 


necessary; however, ‘to’ modify: ‘the ‘practice ‘followed in these operations 
with ‘ordinary steel. For ‘example; ‘the “mtist not patented’ 
before the wité’is drawn from’ ‘it, for: the: temperature ‘at which patenting 


done “would” make the ‘rod “hard and “brittle): The ait-hardening iptop- 


of ‘stainless ‘steel ‘must ‘always be’ borne: in mind; to soften: the: ma- 

pi ‘whether ir’ the! form of wire rod; 'hot-rolled: sheet or hot-rotled: tube; 
it? be teheated 'to "700 degrees: or '750 ‘degrees? antl slowly: cooled 
or quen The 'séftened ‘steel; after pickling in 'the usual acid; >is ready: 
for ‘oid! ‘drawing or ‘rolling process! “The ‘imtermediate> softening 
ig ut ‘each tin it’ is(requited ‘by re-heating degrees: or 750 

that” alt” ‘materials: distorteth-by» cold working 
increased’ tendency ‘to corrode. «Stainless exception to 
this! atid ‘after:dtvhas béen' drastically cold: worked) it 
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hould, be: put into service: until, the, internal stressés ‘have :been celieved 
by. hardening, tempering other. heat;treatment: It, follows, from what 
has just been said that stainless steel turnings or bofings williirust;.as 
will, the from which, the shavings have) been; removed, df the cut 
is, rough. A_surface finished with..a. fine less, distorted; and» will, 
therefore: he liable.to rust than. one finished with: a;rough 
and polishing the distortion: make)ithe surface jimimune 
rom, rusting, It 1s, thus, mot the case,.as has. been frequently Stated, that the 
om of ‘stainless, steel, from, corrosion. is: conferred, upon, it: by polishing. 
A rough ‘surface, if. it is, mot. distorted, will be, ryustless; The: grinding) of 
steel also calls for special; attention,.. It is more, difficult.to. grind 
steel, of, equal Brinell; haxdness;, and.if| the. softer. varieties are 
.washly, | the, surface, the above-mentioned 
bility, to, set. ups: On harder: varieties: rashi atinding:: may 
pegguet soft. spota;which of bon 
The) behavior staimless: steel. at, high; temperatutes: is characterized by 
its non-scaling) property.and by its-retention considerable, of 
its original hardness and strength. ;ordimasy. steel: after: hasdén- 
ing and polishing, reheating produces the well-known temper colors, 
which are really very thin films of oxidized metal. As the temperature 
rises a scale of measureable thickness is. formed, and at a low red heat 


the thickness of ring which the steel 
dertaken to determine the loss of weight by scaling in the case of vanity 
of ‘steels, includitig’ stainless steel! The steels were subjected for 
hoiirs: 4‘ ‘temperature of''700-725 dégrees then for forty-six hours 
750-800° degtees! and thert ‘for ‘forty-six hours to 800-825 ‘dégrees! 
the efid ‘of ‘this treatment: the ‘sealé removed’ from a’ 5 per cerit ‘nickel: 
amounted to nearly 22 per cent of the original beter gor The scale’ ‘removed 
frotfi’ the stainless steel represented hot more ‘thar half per cent ‘of ‘the 
original weight. Other! steels’ Rave intermediate: valués, ‘the’ next: best ‘result 
to’ ‘that stairiless steel being’shown’ by ‘a 25' per ‘cent nickel ‘gree? ‘with 
‘percent’ loss." A’ further treatment’ of’ twenty-three hours! at 826-850 

°C, caused stainless" stéel ‘to lose! about! 6-percent! by seating; 

25. per' cent nickel steel about 7 per tent'and the percent nickel ‘steel 
over 30 per cent. The retention of its hardness by stainless stéél'at high “ 
temperatures’ 'showti' by the’ ‘difficulty: of forging the higher carbon varie- 
ties? for the ‘retention ‘of “its ‘strength, experiments’ show that high 
catbori stainless steel has ‘a tensile strength of. Over 15't6tis per\squaré inch 
at''700' degrees 'C.; as’ compared owith° less’ than tons ‘for ‘ordinary mité 
steel, and about 9° tons for nickel:6r ‘hickel-chrome steel. Only’ other 
steéh“a' special” high-speed materia excelled ‘the’ staitiless” steel’ ‘result 
totis? It is perhaps worth “Messrs. Browit, Bayley 
high’ high ‘nickel! alloys’ which cannot! stbictly’ 
stainless ‘steels, ‘but? whieh ‘are much at ‘high’ 

degree o ‘the “Material” ‘stating and rusting? ‘infl 
varies ‘both’ with exact composition OF the steéP and withi its ‘previous 
heat t most resistant’ whien’ it #s inthe ‘hardened ‘cond 

tent ap’ to’ degrees’ matériali 
used for t matitifatture ‘of ‘table’ blades} will not stain ‘whet 
under! rdtést ‘cbiidition the action of teni 
at 600" dégrees! C: 4t is! generally foutid be! stainless ‘urider tie test 'eon- 
At fiot’ be! stainless! Tempered ‘ut 
oF higher, ‘in’ ithe | ‘butdoes: 
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13, illustrates the..manner. of. effecting his 


under ordinary conditions. If: at ‘850-870 degrees C. 
and: cooled: very it stains and: ‘but: to less ‘extent 
than ordinary steel» 

Nittic ‘acid; ‘cold: or boiling, does’ appreciably attack staintess steel, 
and cannot therefore be employed to etch it. It may, however, be: ‘etched 
mixture of nitric and hydrochloric acids, or ‘by hydrochloric ‘acid 
in which: copper sulphate: is. dissolved. . The material does not corrode 
when: it. is'in contact with other ‘steel It is, ‘however, attacked ‘in ‘an 


otherwise non-corroding’ ‘liquid’ such “as sea’ water’ ‘when ‘it ‘is ‘in’ ‘direct 


metallic contact with» copper or copper’ alloys, such as gun-metal. 
In» some quarters, we believe, it»is* thought ‘that stainless steel ifs 


advantage over a’ stéel’ containing about 25‘ percent of ‘nickel, On ‘'the 


contrary, it possesses a much’ greater’ resistance to corrosion. Moreover, 
it can-readily be softened for machining purposes, and subsequently: ‘hard- 
ened to’ resist wear or heavy’ ‘stresses, ' ‘whereas high nickel steel is‘very 
difficult to machine; however, it: may’ be’ softened, while ‘by ‘no’ kriown 
process applicable to’ ‘machined articles can it’ “subsequently. be hardened — 


‘Ammonia Motor, Prof. Garuffa, . ‘Many. attempts. 
made to produce:a.““ steam”. engine employing a liquid vaporizing.at a 
lower. temperature than water, and. there, are .numerous) patents'.on, such 
pen which, have stage, of de- 


Ol the. ammonia. motor originally, ‘developed. by. an. Ttalian 
engineer, B « Caruso, possesses, certain features of, interest. In, this engine 
an. iis, to to ai very high, degree the latent heat of ;the 

has never been successfully accomplished, in. steam 

properties of ammonia.are claimed to, be such as. to, 

permit, permit this of, latent beat, to: a, greater, extent than, is. 
wi 

he closed, cycle: operates. easentiaily, as. follows ; the. first place,. ‘there 


generator of, saturated ammonia . vapor doing..work in; a proper. 


turbine). and constantly fed.from another generator.con- 
nected to it. In this.second generator the exhaust, vapor from the turbine 
gives, up. its heat to.the and: being condensed state goes 
into,.an automatic: feeder | which delivers.,.it ;to.. this, second, generator. 
Theoretically, under this cycle. the only. heat that has to be supplied: to, the 
order to:,maintain. the; -cycle.is: the,, tothe 


work done and for losses—in, particular, 


those which are not recuperated ,either).be ore or after... condensation. 
at) the same, pressure, which is the. maximum, pressure the. cycle, 
two.,.generators | which, constitute: the, funadmental part. of, the system 
are, however,, at: different the difference in. , 
the, temperature head across 


is the tur: 


ver, or, really..a vapor; generator: 
other ‘kind.of -motor, which. receives, 
generator after it, has passed through, the , heater Sa,» the, 20 


which it 0 utile the heat in the exhaust som the, furnace in 
erator is.a tank, of liquid ammonia acting as — con- 
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denser’; into ‘it’ is "immersed the coil 'S “receiving the exhaust ‘vapor’ from 
the turbine and condensing it. The condensate collects in the receiver’ C, 
whence it is conveyed by the pump. P’ to E, which, in its turn, constitutes 
- automatic feature of the condenser B, Bon latter acting as t the Second 
The respective positions of the two anits; A and B, (which,’as Hed peek 
stated above, act as two vapor generators ‘at’ different temperatures) are 
such that they act as two communicating vessels (by pipe P) in such a 
manner that with equal pressures the levels of the liquid are the same. 
‘Further,’ between the tank B and the dome ‘Dis inserted a’ special: dia- 
phiragm and between ‘the 'tank’B and generator A atiother diaphragm:.R. 
hese diaphragms permit the establishment ofa uniform: préssure through- 
out’'D Band "Aj this? being the '‘maximur pressure “of. thé! ¢ycle; "at the 
same? time’ ‘maifitaining between and’ D and B the: 
head’ necessary fér ‘the ttiotor'to functions 
The vapor which collects in D from surface evaporation of! bong liquia 
Ji mo efe etineot oft stove tedw tt itt 
tno batiow rotor oft Tro drow 
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in in stale of saturation due to its being in with liquid 
and at a fixed temperature which may vary between 60:and 100 degrees C. 
1 in accordance with the existing pressure. It is convéyed by thé pump E 
saturated vapor, there the’ ‘Generator’ ‘A and fret with 
e. vapor, genera’ rein is sent on. its way first e eater DA 
1 The purpose of the dome D is to maintain the liquid in B at @ con- 
stant temperatute;‘preventing: the liquefaction of saturated vapor contained 
therein. To’do> this the dome is provided >with a heating device which 
may or may not be connected with the furnace in A;.and the heat coming 
therefrom help$‘to maintain the saturated vapor at’ a temperatufé of sat- 
uration to the maximuni' pressure the cycle, atmos- 
pheres for 60 degrees and‘60: for 100 degrees C. 
It is claimed’*that the efficiency of such a system is quite high. The 
- heat’ ¢ontent ofa ‘kilogram’ of ‘superheated vapor Qi is: the sum of the heat 
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and hence de theoretical quantity of steam per in 


(taup = temperature “superheated vapor; teat. = temperature ture saturated 
vapor)... The. actual quantity. will: be considerably greater, because..of..the 
losses in the turbine, generator: and condenser, and. imperfect. efficiencies 
of these units. Assuming that the heat losses are 10 per cent, efficiency 
of generator is 75 per cent, efficiency of turbine 70 per cent and efficiency 
of condenser 85 per cent, we get a total, efficiency of 40 


Consumption equal to 2.5 
No statement is made as to whether any such. engine “has ‘ever been’ 


built, and, if it has, what were the actual results of tests on it. 

In his work on the ammonia motor Caruso worked out experimentally 
the following tables of physical quantities of ammonia. 

TABLE 3. PRESSURE IN ‘AMMONIA VAPOR AS FUNCTION OF Viiketarons. 
_Atmps. Temperature Atmos. Temperature Atmos. 


. cent. deg. cent. deg. cent. 
— 20 1.84 +5 5OT 19.94 
— 10 2.83 70. 
— 5 £46 20 40.60 
0. 4.20 «11.62, ite 50.15 

TABLE 4. mat OF VAPORIZATION OF AMMONTA, of CALORIES AT VARIOUS 
TEMPERATURES. 


(Amount of Heat Absorbed, y 1 kg. — Land Producing Its Vaporiza- 
tion a Temperature ¢ at a p eseure of of Dry Saturated Steam at that 
Temperature.) . 

Temp.t Calories /Temp.t° Tempit Calories 

deg. cent. deg. cent. deg. cent. 

— 20 327 Be 311 
— 15 324 10 308 


‘Temp. t Ley Calories Temp: «Calories te Calories. 

oT de®! ei. 5 to yor ted PQ origin: 
‘trod oft to mue ote: O god 
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TABLE 6. TOTAL HEAT OF VAPORIZATION OF AMMONIA. 
(Sum of the Heats of Tables 4 and 5.) 


Temp. t Calories Temp.t Calories Temp.t Calories 


_deg.cent. deg. cent. 
— 20 344342 815,45 50 326 


15 
40 322.64 BW. 


TABLE 7. SPECIFIC VOLUMES OF SATURATED AND DRY AMMONIA. VAPOR. 
-Temp.t,, Calories Temp.t,, Calories . 
deg. cent. deg.cent. 


0 
0858 80 0,025 
0 0.298 30 122 90 0,018 
40 0.090 100 0.013 | 
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TARH TAROT 


boat 


Om Frow: IN Pine By R. S. 
M.. am. Soc. 


This pamphlet contains pressure loss charts: for use in solv- 


ing oil’~pumping problems in long lines, a viscosity conversion 


chart and horsepower chart for pumping. 

The pressur¢ loss charts may be used in solving a problem 
for: ‘any one of the following quantities, the others being 
known: ‘ 00 


0. O: 

(a). Volumetric, flow: per time, unit. 

(b) Friction pressure loss per unit —_ pipe. 

(c) Saybolt viscosity. 

(d) Baumé gravity. 

The charts are derived from formulae based on law of flow 
of liquids in pipe lines deduced by Messrs. Stanton and Pannell 
of the National Physical Laboratory of Great Britain. Sepa- 
rate charts are given for standard iron and steel pipe of diam- 
eters 2 inches, 3 inches, 4 inches, 6 inches, 8 inches, 10 inches 
and 12 inches. The charts apply to the flow of any liquid or 
gas when the inside surface of pipe is of the same roughness 
as that used in oil work. 

The viscosity conversion chart shows the conversion of the 


-times of efflux of the Saybolt Universal, Saybolt Furol, Engler, 


Redwood and Redwood Admiralty viscometers and Engler 
specific and absolute viscosity into kinematic viscosity. 

The horsepower chart may be used in solving for any one 
of the following quantities, the others being known: 

Shaft horsepower. 

(6) Volumetric flow per time unit. 

(c) Total pumping head. 

(d) Mechanical efficiency of pump and drive 
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JANE’s Ficut1nc Suips, 1921. (Sampson Low, Marston 
& Co., Lrp., Lonpon. ) 

This book is so well known'to Naval circles that it requires 
but little comment. However, this issue is unusually com- 
plete, and contains not,only the lists of ships maintained by 
each of the naval powers, but also, gives the organizations of 
the various: Navies. There i is alsoya list of he which. have 
been deleted from the previous edition, 


WHARF MANAGEMENT, Scere: AND STORAGE., By 
Roy S. Mac Anp T. R. Taytor. PusiisHep sy D. 
AppLeton & Co., NEw York, 1921. Croru; 6x9 IN.; 350 
pp.; 94 TABLES AND Forms. 
PRICE. 

A very complete treatment of a subject of primary impor- 
tance—if ocean steamship traffic in this country is going to ° 
pay. ‘The book presents the many problems to be encountered 
in the receipt and dispatching of ocean freight, the present 
methods of handling and stowage at various ports, and sug- 
gested improvements of apparent defects. 

The volume is especially timely due to the live problem of 
the disposition of shipping built during the war which is now 
idle. It should not only prove valuable to those already in the 
shipping business who desire a broader outlook but should be 
of special interest to young men in training for this business. 

One, in reading the book, is impressed with the necessity 
for saving time in loading and unloading ships, high cost of 
labor charges, influence of union labor. on installation of me- 
chanical means of handling cargoes, and the large amount of 

manual labor employed. 

_. Probably the most valuable part of the book to one desiring 
to make an exhaustive study of this subject will-be found in the 
large number of references and where they can be obtained. 
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Tue Twenty-rirra ANNUAL of thé 
Soctrry for TestinG MATERIALS will be held'on June 26-July 
1, 1922; at’ Atlantic City, N. J. Headquarters will at the 
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ASSOCIATION NOTES. 


ELECTION OF OFFICERS. 

cast for officers of the Society for 1922 were! 
at a meeting held at Washington, D. C., on December 30, 1921. 
‘The following were declared elected : 

President: 

Rear Admiral C. W. Dyson, Uz Ss. Navy. 
ecretary-Treasurer: 
‘Commander 'S: M. Robinson, U. Ss. ‘Navy. 

Admiral B. C. Bryan, Navy... 
Captain Robert Stocker (CC), U.S. Navy. 
“Captain E.'C. Kalbfus, U. S. Navy" 

_ Commander S. C. Hooper, U.S. Navy. 
Lieutenant M. R. Daniels, U. S. Coast Guard. 


, ANNUAL, DINNER. 


Society’ decided by a vote of 157 to 36 
‘should be held:''' The ‘Committee’ appointed arranged for a 
dinner’ on Saturday; March 18; 1922;at the Willard 
‘Hotel, Washington,’ D.C." “These: events” shave! been 
delight ful, occasions, in: the past and no. effort will be spared 
‘to ensure'that the dinner this 


sBINANCIAL STATEMENTS FOR 1921. 
The following statement shows the cost of oma of 

the Society, for, 1921 and the returns therefrom 

Drafting 
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Exchange ........-%0 104. 36 


$11,072.45 


Loss on “$803.00 


GENERAL, PROFIT AND Loss STATEMENT. 


The following statement, shows the result of the. complete of 
the business during the year 1921: 
Gain! Loss. 


664.93 


101 STATEMENT, OF: RESOURCES AND - 
The following .statement ‘shows. the | resources | Of, the 
on; December 31, 1921,,and/the net result, It_should be under- 
stood that. the liabilities consist entirely of dues and subscriptions ‘paid i in 
‘advance, and are not’ accotits payable by the Society 'as'a going organiza- 


tion. They willbe eliminated “on ‘the first business day of 1922, and) will 
be credited as profits for that year. 


Total Assets January 1, $00,461.91 

Accounts ivable, ‘Advertisement... 1,348.61. 


Accounts Retéivable, Subscriptions....... 222.70 
‘Arthy and Navy Club 2,000.00. 
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Government Bond, ist Liberty. 1,000.00 
Government Bond, 3d 1,000.00 
Government Bofid) 8th Liberty brous 1,000.00: 
Washington Ry. & Elec. Bonds... 3,900.00 
Subscriptions Paid in Advance:......4.., 
gall 
Net Assets December 31, 1021..../10 996,691.34 
Wet: $3,829.87" 


refererice td ‘the logs’ shown for the year; itis ‘proper to l#tate that 
$1,332.27, of this amount is caused adjustment) of \the: books to show 
as profit only, such. transactions as were, entirely closed on, December 31, 
1921. Heretofore all dues and subscriptions received in advance have 
been credited. to income for the year in ‘which they were actually received. 
This is ‘a ‘book-keepirig’ and’ nota’ real ‘Ids. °'Four. hundred! and! twenty 
dollars was charged for depreciation of. securities, ,| This ;done, to 
bring the book «value, of ‘securities to market value on December 34, 1921. 
They had been carried at cost, with the exception of one previous de- 
preciation charge, for many years. It was considered ‘wise ‘to Charge off 
$709.63 bad: ‘accounts: | ‘Six -hundted» and: seventy-three dollars | and 
seventy-five, cents of this consists/ of, unpaid dues, of members. 
This statement has been audited and found correct. 


MEMBERSHIP. 


It is desired to increase our membership during the coming 
year, in order that the Society may be of still more benefit to 
the Service than heretofore. It is requested that members 
bring to the attention of officers, and especially the younger 
officers, who are not members, the advantages of the Society 
and extend to them a most cordial invitation to join with us. 
It is, perhaps, too well known to require restatement that the 
Society is conducted solely for the professional ‘benefit of the 
Service, and that no financial profit is sought. — : 

The following members and associates have joined the 
Society since the publication of the last Joonnat. 
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60.000 MEMBERS... jet haod 
Brantly, Neill D., Ensign, U. S. rod tr 


Deming, Raymond A., Lieutenant, 
Devine,’A.-D., Lieutenant, U.S. gnivse 
Grove, M. H., Ensign, U: S. Navy.” 
Osborn, Donald R., Jr., Ensign, U. S. 
Searles, Paul J., Lieutenant (CEC) U. S. 
Tompkins, J. T., Captain, U.S. Navy. se 
Wood, Gerald H., Lieutenant, U. S. Navy. 


"FB, 82 ASSOCIATES. 


Joseph, G., S. Steeimaker, Isthmian, 
‘Cortlandt Street; New! York: Citys: eid) io 
Dubertret; Patil, Chief Engineer, Cie Electro ‘Metanig 12 

Harsanty: Wa: Engineer, Pittsburgh Steam ip Co, 
Rockefeller Building, 101 sew 
Matthews, "John ‘CofSulting’ “Engineet, “24” 
bosPlease) dono: fail to! keep: the. Secretany. aa itay your 
ADDRESS inorder to enstité delivery of your 
not bas hotibys 
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